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Introduction. 

In the preparation of the prevsent jiaper, T am indebted to 
many persons for help and various courtesies. My especial 
thanks are due to Mr. A, Loveridge, for his generosity in allowing 

* For explanation of the PlatevS, Isee p. 626, 

Proo. Zool. Soc. — 1922, No. XXXIV. 
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MISS JOAN B. PROCTER OX THE 


me to use the whole of his valuable collection for dissection and 
general study. Also to 8ir John Bland-Sutton, for his gift of 
X-ray plates of the types and young, and facility to study the 
tortoises themselves beneath the fluorescent screen at Middlesex 
Hospital at a time when no specimens could be spared for dissec- 
tion ; and also to Mr. 11. H. Burne, of the Koyal College of Surgeons, 
for investigating the structure of the denticulated jaAv, and the 
ribs, and for making slides of them. 

The purport of the present woik is to furnish a detailed 
description of this extraordinary Soft Tortoise, based upon the 
large series of specimens which have passed through my hands ; 
especially of the peculiarly interesting structure of the bony cara- 
pace and its development, compared with cases of fenestration in 
TeaUulo and other groups. The recently discovered young is also 
described in comparison with the adult, and various notes on the 
habits of living specimens by Mr. Loveridge are appended. 

Ceseral Account. 

Material and history. 

In 1920, when Mr. G. A. Boulenger first examined this tortoise, 
then new to science, there were no specimens available for the 
making of a skeleton. The carapace, which feels soft and s])ringy, 
was examined by cutting a flap in the abdominal shields, removing 
the viscera, and holding the animal against the light. When 
this is done, no bony matter of any kiml wni be detected; the 
carapace is seemingly translucent without ribs or costal plates : 
it was therefore described as boneless. The view obtained in this 
way is deceptive, as it is limited to the l egion of the second and 
third costal and vertebral shields on account of the restrictions 
of the fenestra in the plastron through which it is viewed ; the 
shadows of the reduced costal plates, wliich are there, are entirely 
obscured by the black markings in the ej)idermal shields. 

The young specimen described in his note*, although agreeing 
in almost every particular with the type, excepting its convexity, 
was an anomalous specimen, not the young of lovmdgii. In 1921 , 
Mr. Loveridge sent a Kaffb* on an expedition to hunt for further 
material, and the true young was found in the type-locality 
This has a depressed carapace, but does not resemble the adult in 
general appearance. Since then further expeditions have suc- 
ceeded in capturing more specimens, botli adult, young, and half- 
grown, so that at one time and another I have been able to 
examine twenty-three spirit specimens, besi<les two sjiecimens 
at present living in tlie Zoological Gardens. It has also been 
possible to prepare skeletons both of adult and young, and to 
make dissections. 

After examining this new material, Mr. Boulenger agrees 


* BoulenKcr, C.I?. Acad. Sci., Paris, t. 170, p. 264- (1920). 
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witli me in iiiy three principal amendments to his original 
descri{)tion : — 

1. Tliat the typo>specimens are fully adult. 

2. That the adults have bony neural ancl cosbil plates present 
to a cei’tain degree. 

3. That the young has a more or less depressed carapace. 

Charact eristics, 

Testudo looeridyii is already well known as the Soft-shelle<l 
'J\)i*toise vvitli the flat ca.x*apace, both these characteristics being 
entirely foreign to Testudo as previously defined. 

In general appearance it looks as if it had been crushed in \outh 
and had only sui vived by a miracle. When taken in the hand 
alive it has a boneless feeling which is uncanny; both carapace 
,‘ind plastron react to pressure on the abdominal region with a 
springy motion, and the animal is able to inflate itself to a slight 
dt‘gree. 

Mr. Boulenger pointed out in his note that in the case of the 
plastron this softness is due to an enoi inous <liainond-sliaped 
fenestra, usually met with in the newly-hatched or very young 
of other species. The visccj-a thus exposed are protected by 
(wtremely thick, soft, dermis of a very tough miture. 

'riie true structure of the carapace was revealed by X-rays quite 
accidentally, my original object being to compare the supposedly 
boneless adult with the young, in which tlie ribs show normal 
<levelopinent. When viewed through the fluorescent screen, the 
adults ])resent ed an extraordinary aj)pea ranee, the ribless ^'ertehrie 
and more or less normal limb-girdles being overlaid h}^ a l)ony 
network, intimately correlated with the net of sutures between 
tlie epidermal shiehls, and formed by the partial develojunent of 
the neural and costal plat(3s which had been apparently wanting, 
and which in other species compose the solid bony carapace {vide 
I Ms. II. & III ). The significance of this bony network only 
lu^caine clear aft(*r considerable study of tlie X-ra}^ plate taken 
at tile time. Tin* skeleton subsequently prepared corroborated 
<‘very detail revealed in this plate, and also showe<] that the 
Ncrtehra* are very remarkable in form. The animal is further 
remiirka,l>l(' in possessing what appetir to be teeth, acrodont in 
tvp(‘ and similar to those met with in Agamoid lizards. Their 
regularity renders them ijuite unlike the serrations met with in 
some tortoises. Tlie horny sheaths of the alveolar ridges aie 
‘ imilarlv denticulated. 

In the detailed <lescription whicli follows, these structuics will 
he dealt with at greater length. 

Tlie species is still in a state of great instability, for apart from 
the immense range of variation to which it is subject, many 
abnormalities occur, such as the presence of horny shields i roper 
to tlie more primitive Chelonians. 

34 * 
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J^7iities, 

Testudo loveridgii is undoubtedly closely related to T, tornieri 
Sieb. Even before the skeletal characters were known, when the 
former was thought to be without a bony carapace, it was recog- 
nized as being nearer to the latter species than to any other; 
in fact, Mr. Loveridge took his first specimens to be tornieri. 
Comparison of their skeletons show that they are similar in 
structure. 

Briefly, they are probably both derived from the geometrica 
group, loveridgii being one step further removed than tornieri. 

T. tornieri differs from T. loveridgii in that the carapace is not 
quite so depressed. The bony plates beneath are rather more 
developed, and slightly different in arrangement. It has a ninth' 
pair of well -developed costal plates, and the whole animal is 
relatively much longer, being about half as broad as long instead 
of two-thirds. 

The supracaudal shieM is also entire, instead of divided as is 
usually the case in loveridgii. It possesses, however, all the 
special peculiarities of loveridgii, including the deficient ribs, and 
fenestrate<l carapace Jind plnstron, which produces a soft-shelled 
condition. It also appeai-s, from its photographs, to have both 
jaws regularly denticulated . 

Siebenrock*s two specimens from Bussisi and Lindi are 
described as having soft shells, but he considered the condition 
of the carapace which he dissected away in one individual to he 
pathological (1904). ^J'he finding of a third specimen hy Ltiiin- 
berg at Njoro (1911) and the recent discovery of loveridgii, 
however, prove that it is merely physiological. 

Habitat and habits* 

T. loveridgii is found in the arid rocky country round Dodom - 
and Tabora in Tanganyika Territory. Its distribution seems 
to be * restricted to rocky kopjes where great boulders of grey 
granite are scattered ; the characteristic vegetation is of the thorn- 
bush type ; capers are also numerous. 

The tortoise is good at climbing up the face of tlie rock, and 
turns over easily after falling on its back. It can only be 
dislodged from crevices with difficulty, as it is able to inflate itself 
to a certain degree, and thus wedge itself firmly, using its legs 
as struts. It is also able to squeeze itself beneath stones, on 
account of the springy structure of its carapace. 

It is probable that it lays a single oval egg (about 35 mm, long 
and 23 mm, in diameter), as such a one was recently dug up by 
Mr. Loveridge in the enclosure in which several females were 
penned. The embryo extracted from this egg is almost at the 
point of hatching, and 1 have little doubt that it is loveridgii; 
but it is not possible to be certain, as females of 2\ pardalis and 
Ciniegs beUiana were also in the pen, and tortoise-embryos 
are very similar to one another, and at this stage the more 
striking characteristics of loveridgii are not manifest. 
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Further particulars as to habits will be found in the notes 
by Mr. Loveridge appended to this paper. 

External Characters. 

Shape and proportione. 

The campace of the adult is from three-quarters to four-fifths 
broad as long (actually 71 to 83 per cent.), excessively depressed, 
either flat or concave in the vertebral region.; depth usually 
about one-fifth of the length. In text-fig. 1 (q, v,) the depressed 
carapace of lomridgii is compared with that of the normal ihera. 
Marginal region turning downwards and outwards abruptly, 
excepting the anterior l)order, which remains flat; marginals 
four to eight sometimes perpendicular. Sides straight, either 

Text-figure .1 . 




(''arapaco of a iiornml Tortoise, T. ibera (a), compared with tiiat 
of T, loveridgii (b). 


pamllel or oblique ; anterior edge of shell straight or forming 
a slightly inverted curve, feebly serrated; posterior bolder 
rounded or obtusely pointed, also slightly serrated* Some- 
times the greatest width is in the pectoral and sometimes 
in the pelvic region, but in the majority it is equal at and 
between these two positions. This depends upon the oblique 
or pamllel trend of the sides of the carapace. In the table of 
measurements the breadth is always taken at mid-carapace. 
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The young are as broad as long and about one-third deep as 
long, and the carapace is uniformly convex and cordiform in 
outline. With growth these proportions change, the tortoise 
becoming narrower and more depressed. In order to show 
the precise nature of this change in form, the specimens in 
the appended table are graded according to age ; the regular fall 
of the percentage values for breadth and depth are thus obvious, 
and could be well expressed by graphs. 

In both adults and young the dimension of depth does not 
properly apply to the carapace s. s^r., but to the thickness of the 
entire animal. 

The plastron is large and projects beyond the carapace in front 
and falls short of it behind ; fore-lobe truncate, hind-lobe deeply 
cleft, the two about equal in length and nicely shaped around 
the limbs; bridge very variable in width, usually alx>ut once and 
a half the length of either lobe. In the young the breadth of the 
entire plastron is greater in proportion. 

Coloration, 

The system of markings is similar to that met with in the 
geometrica group ; the pattern, however, does not form regular 
stars, on account of the excentric positions of the areolars. These 
surfaces are reddish brown or rust-colour, black and pale horn- 
coloured bands radiating from them to the shield- edge; the rays 
are sometimes very strongly marked and regular, sometimes one 
colour predominating and sometimes the other, according to 
whether the black rays are broad or narrow, strongly marked 
or indistinct {vide PI. I.). In the young the dark pigment is 
irregularly massed around each areolar. Each shield has its 
characteristic design, according to its contours; in well maT-ked 
specimens that of the fifth vertebral resembles a rising sun, as 
depicted in decorative art; those on the marginals, the aster- 
pattern of old blue china. 

On the plastron the system is the sanie, but the yellow or horn- 
colour greatly predominates, partly owing to the larger areolars 
and partly to the fact that the black rays do not always reach to 
the shield-edge. 

The head and limbs are brownish or yellowish, sometimes 
indistinctly mottled. 

Owing to the burrowing proclivities of these tortoises, the live 
specimens usually have their beautiful markings entirely obscured 
by dirt, which lodges in the deep concentric striations of the 
shields. 

Mr. Loveridge notes that the specimens from Tabora are 
lighter in colour than those from Dodoma. 

Head, 

Head modemte; tympanum as large as or larger than eye; 
frontal usually broken up into four shields; prsefrontal large, 
subcordiform, divided in one specimen ; a pair of large supra- 
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* This liye specimen wasjgreatly distended when 
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nasals meeting each other by a mesial suture of variable length, 
usually between one-fourth and two-thirds length of prafrontal 
{vide text-fig. 2 a). 

Homy coverings of sheaths of alveolar ridges of maxiilffi and 
mandibles with regular, clearly-defined denticulations, 15 to 20 
(usually about 20) on each outer, and 6 to 9 (usually about 7) on 
each inner maxilla; 12 to 15 on each outer and 5 to 9 or 10 on 


Text-figure 2. 


a. 

a. Upper surface of head. (Adult; nat. size. ) b* Side view of head. 

C. Homy teeth enlarged. 

each inner mandible. Beak tricuspid, with one or two of these 
denticulations between each cusp. Sometimes the points of these 
odontoids look precisely like the regular teeth of an Agamoid 
lizard ; but in other individuals they are not so well developed. 
They may be more so in the upp^r than the under jaw, or on the 
outer or the inner ridges, but whenever distinct are extremely 
regular {vide text-fig. 2 b, c). In all cases they are more developed 
in the horn than in the underlying bone. 

lAwhe. 

Lower part of fore-limbs covered with large claw- or scale-like 
shields, three very much enlarged on the anterior surface above 
wrist ; normally five well-developed claws. 

Tibial portion of hind-limb often longer than radial portion of 
fore-limb, covered with irregular juxtaposed horny shields the 
size of those on the humeral portion of the fore-limb ; scales on 
sole enlarged and claw-like in adults; normally four strong 
claws. In an abnormal specimen these claws are so overgrown 
that the outer one measures 13 mm. A group of enlarged 
tubercles on hinder side of thigh in some individuals. 

The limbs are not nearly so club-shaped as in most species of 
Testudo ; both wrists and ankles are supple and defined by a well- 
marked crease in the skin ; the foot projects considerably {vide 
PI. I.). This is especially marked in the young. 

TaiL 

Tail normal, much longer and stouter in the male than in the 
female. 
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Epidermal shielde. 

The epidermal shields are highly characteristic in form^ but 
subject to great variation individually. In several specimens 
supernumerary shields and other abnormalities occur ; for 

Text-figure 3. 



Epidermal shields of the carapace. (Adult ; J nat. size.) 


instance, one adult has twelve marginals on the left side, one has 
twelve, on both sides, and in one the posterbr marginals form a 
deeply serrated border ; the male type has only four yertebrak, 
one, female has the third vertebral divided longitudinally, and 
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two have extraordinary embossed vertebrals ; three individuals 
possess an intergular. Mr. Loveridge mentions two specimens, 
which unfortunately escaped, in which small azygous shields 
occur, also several in which the supracaudal is single or semi- 
divided. 

Each shield is also subject to considerable individual variation 
of size and shape. 

Text-figure 4. 



Sketch of cftrapace of niftlc type-specimen, showing ahnonuftlities 
in epidermal shields (f nat. size). 


The shield surfaces in the young are excessively rugose or 
coarsely granulated, each one bordered narrowly by a raised band 
of smooth horn ; with age these rugosities wear smooth, but the 
ensuing growth-rings, also of smooth horn, are extremely regular, 
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and the concentric striations between are deep and strongly 
marked. This applies to the plastron as well as the carapace. 

Nuchal shield very variable ; much broader than long and cleft 
anteriorly in young specimens ; about as long as broad to three 
times as long as broad, usually a little more than twice, and not, 
or but slightly, notched in adults. 

First vertebml subtetragonal, usually slightly longer than 
broad, or as long as broad ; the anterior border longer than the 
posterior, both convexly curved ; lateral borders straight, slightly 
oblique. On the male type this shield is greatly elongated {vide 
text-fig. 4). 

Second and third vertebrals hexagonal, broader than long, the 
suture between them usually a little shorter than the length of 
either shield, a little longer than the suture between first and 
second or third and fourth. 

Fourth vertebral with very short posterior border, not more 
Text-figure 5. 



a 



Young specimen, showing relatively broader shields (nat. size), 
a. Carapace, b. Plastron. 


than half length of suture between third and fourth. In the 
male type this shield is subtriangular or cordiform, and widely 
separated from the last vertebral by the fourth costals. 

Fifth vertebral obtusely point^ and flat anteriorly, in the 
same plane with the preceding vertebrals ; posteriorly its border 
is curved, and bent downwards sometimes very abruptly; the 
lower edge in some cases curves in so as to form an angle with 
the more obliquely set supracaudals. 

Oostals highly characteristic in form. In the ordinary Testudo 
the sutures between these shields form straight lines more or less 
at right angles to the long axis of the carapace ; in T. loveridgii 
they form curves, particularly pronounced in the case of those 
between the fourth pair and fifth vertebral. The areolars are 
also excentrically placed. In T, ihera^ for instance, the border 
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around the areolar is about twice as broad in front as behind, and 
situated high up in the shield, the distance between it and the 
vertebrals being less than the distance between it and the costal 
posterior to it, and a quarter or less the distance between it and 
the marginals ; in fact, the relative widths of the shield-borders 


Text-figure 6. 



Epiilernial shieldH of the plastron. (Adult ; nat. §ize.) 


(top : back : botfconi : front) are roughly expressed by the geo- 
metrical progression — 2 : 4 : 8 : 16. In T, loveridgii this ratio is 
better expressed — 4 : 2 : 4 : 5 or 4 : 1 : 4 : 6, the areolar being 
midway between vertebrals and marginals, but situated very far 
back in the shield. The areolar of the fourth costal is often 
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actually in contact with the anterior margin of the fifth verte- 
bral. This condition is not marked in the young, but is accen* 
tuated by each growth-ring. 1%e fourth pair, in the male type, 
as already remarked, are broadly in contact mesially, in front of 
the last vertebral ; in no other instance does this occur although 
they are sometimes in close proximity. The abnormal form of 
these shields on the male type is shown in text-fig. 4. 

The second costal is usually about equal in width to the third 
vertebral. 

The marginals are also extremely characteristic and very greatly 
reduced in depth. The first pair are normal in outline but a little 
longer than deep ; the second and third are about one and a half 
times as long as deep ; fourth to eighth greatly reduced, once and 
a half to twice as long as deep, as against about two^thirds long 
as deep in T, ihera ; ninth and (or) tenth deepest, a little deeper 
than long ; tenth and eleventh similar but slightly smaller. In 
the young the marginals are more or less uniform, as deep as 
broad or a little deeper ; the sutures dividing them are somewhat 
oblique, making them rhombic in shape {vide text-fig. 5 a). 


Text-figure 7. 



Intergular nhipld (nat. size). 


The supracaudal is paired in all the specimens examined with 
the exception of a female living in the Zoological Society’s 
Gardens, and three young specimens, in which it is single. 

The epidermal shields of the plastron are not peculiar in any 
way {vide text-fig. 6). 

Gulars moderate, truncate and rounded anteriorly, forming 
together a bow-shaped edge, projecting beyond the ca-mpace and 
forming a support for the animal’s chin ; lateral edges shorter 
than the median suture ; gulo-humeral sutures directed obliquely 
backwards and inwards, meeting each other at an angle of 
60° to 140°. 

An intergular is present in three out of twenty-three speci- 
mens. In the smallest specimen it is small but distinct {vide 
text-fig. 6 b); in one female it is somewhat smaller than a gular 
{vide text-fig. 7), and in a male it is well developed and as large 
as a gular. In all three it is protuberant and kite-shaped, the 
short sides in front. 
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numerals about twice as broad at humero-pectoral suture as 
from apex to apex, or their median suture. 

Pectorals narrow, median suture two-fifths to three-fifths 
length of median humeral suture. 

Abdominals more or less square, median suture two to four 
times length of median pectoral suture. 

Femorals very variable, median suture usually longer than 
median pectoral suture ; postero-lateral corners projecting beyond 
lateral edges of anals. 

AnaJs. — Ano-femoral sutures slightly oblique, directed for- 
wards; lateral borders at right angles to them ; median sutures 
short, each anal cut away posteriorly and ending in a pronounced 
point of variable shape, the resulting cleft between them forming 
an angle of 90° to 120°. The width and depth of this cleft is 
apparently not dependent on sex, as one would suppose from tlie 
great difference in the relative sizes of their tails. 

The inferior surfaces of the marginals which cover the 
bridges are extremely narrow, from three to four times as long 
as deep. 

Skeleton. 

Besides the complete skeleton of one adult, and the radiographs 
of the types, a considerable amount of accessory material has 
been available. An excessively interesting individual, in which 
development had been arrested at a still earlier stage, decomposed 
in transit, thus enabling me to use most of the skeletal parts for 
study. In this specimen the bony plates were as thin as tissue- 
paper and extraordinarily flexible. Parts of other tortoises 
also disintegrated and formed interesting checks on the first 
skeleton. 

Of the young, an X-ray plate shows that the limb-girdles are 
normal, as in the adult. The structure of the carapace has been 
studied in a series of six, ranging from 42 to 82 mm. in length ; 
in these it was dissected oflf and the inside aspect cleaned. A 
complete preparation of both carapace and plastron was made 
from a specimen 60 mm. in length, and the plastron of the 
42 mm. individutil studied, without its removal, from the inside. 

This material was amply sufficient to show the normal structuie 
and development, besides some interesting variations of the 
skeleton of 1\ loveridgii, and to form highly interesting com- 
parisons with other species. 

The word “plate” is repeated after the name of each dermal 
bone, in order to distinguish them from the epidermal shields of 
the same names. 

The bony carapace of the adidU 

In general appearance the bony carapace is extraordinary. 
8uch portions of the neural and costal plates as are present, are 
formed of translucent bone, and when damp are springy and 
flexible, making it possible to depress or elevate the carapace as 
if it were supported upon springs. 
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Where the epidermal shields form sutures with each other, the 
bone beneath is deeply grooved, sometimes forming perforations, 
but always markedly transparent {vide Pis. II, k III. and 
text-fig. 8). 

Beneath the vertebral shields are four large fenestras shaped 
like butterflies: the first is entire; second, third, and fourth 


Text-figure 8. 



Bony carapace of an adult, viewed from above (J nat. size). 

Fenestrsa |(|||; deep grooves beneath shield-sutures * ; neuml plates 

np , ; coital plates, ep » ; marginal plates, mp . ; nuchal, na. ,* pygals, />. 

divided mesially each by a bony bridge formed of rudimentary 
neural plates ; the first and fourth are small compared with the 
second and third {vide text-fig. 8). 

Beneath the costal shields there are also large fenestras similar 
^n shape to the shields under which they ai«e situated. That 
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under the first is entire; those beneath the second and third 
divided rnesially by a narrow transverse bridge of bone formed by 
the third and fifth costal plates. There is no large fenestra 
beneath the fourth in the normal adult. 

Nuchal plate moderate, posterior corner free, forming anterior 
edge of first median fenestra, which exposes the ninth vertebra. 

First neural plate (text-fig. 8, np, I ) very much reduced in 
comparison with that of a normal Testudo ; anterior edge pointed, 
bordering first fenestra by wh id i it is separated from the nuchal 
plate ; narrow lateral limbs, uniting by short sutures with first 
pair of costal plates {cp. 1) ; naiTow postei'ior limb, entering into 
second median fenestra, where it forms part of the dividing 
bridge and unites by short suture with the second neural. 

Second neural plate {up. 2) vestigial, barely wider than the 
vertehraD beneath, with straight lateral edges, uniting by short 
sutures with preceding and succeeding neurals, and forming the 
main part of the feiiestrai bridge. 

Third neural jdate {'a 2 ^. 3) o(;tagonal, very much reduced, oblique 
edges free, curved invei’tedly, bordering the innei* corners of tlie 
secoml ami third feiiestrje, which this plate divides one from the 
other by uniting with the second costal plates 2) by narrow 
sutures, thus forming a narrow bridge between them ; a.lso form- 
ing similar connections with second and fourth neurals. 

Fourth neural plate 4) oimilar to second but somewhat 
broa<ler in pro})oi*tion, forming the longitudinal dividing bridge 
across the tliird median fenestra. 

Fifth neural plate (n 2 >. 5) pricisely similar to the third. 

Sixth neural plate {np. 6) similar to second and fourth but 
broader still, dividing fourth median fenestra, which is, however, 
much smaller than tlie two preceding. 

Seventh neural plate {np. 7) normal, hexagonal, without free 
edges, uniting by six sutures with the sixth and eighth neural, 
and seventh and eighth costal plates respectively ; those formed 
with the eighth costals slightly longer than the (Jthers. 

Eighth neural ])late {np. 8) normal, sub-tetragonal, without free 
edges^ uniting by oblique sutures with the eighth costal, and by 
transverse ones with the seventh neural and first pygal plates, 
the latter suture the longer and curved. 

First pygal plate broadly cordiform or septagonal, set almost 
at right angles to the liorizontal plane of the neurals, curving in 
where the nuirginal epi<lermal shields meet the fifth vertebral, 
and curving out more obliquely to form a point beneath the supra- 
caudal shields. It forms sutures with tln^ eighth iieuml and 
costal, eleventh marginal {ntp. 11), and second pygal {p. 2) plates, 
tint with tiio eightli neural about twice as long as any of the 
others and curved invertedly. 

Second pygal normal, eipial in size to the eleventh marginal 
plate. 

First costal plates {(p. 1) shaped like wings, uniting by short 
sutures with the lateral edges of first Jmural (wliich forms a 
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bridge between them) and second costal plates, thus separating 
the first lateral fenestra from the first and second median 
fenestrse on each side ; the broadly curved anterior edges form 
an uninterrupted suture with part of nuchal, whole of first and 
second, and inner corner of third marginal plates in most cases, 
but soujetiracs the distal portion is undeveloped, and therefore 
less wing-like, or cleft, or perfomted beneath the shield-sutures 
{vide text-fig. 9). 


Text-figure 9. 



Left fir8t cowtal plate from beneath, showing perforation beneath vertebro-cofttal 
uhield-Huture ; distal end incompletely developed, and cleft. (Nat. size.) 


Fenestrffi between first and second costal plates are from front 
to back as long as one marginal, from side to side two or three 
times this length. 

Second costal plates (cp, 2) slender, feebly developed, widely 
separated from the neui-al ; anterior and postericr heads forming 
narrow sutures with first and third costal plates beneath costo- 
vertebral shield-sutures, main arms supporting transverse costal 
sbield-suture, and uniting distfilly with the fourth marginal plate. 
Length of each (measured from end to end) three times breadth 
(measured from front to back); median head foniiing a short- 
pointed process directed inwards, but widely separated from the 
vestigial second neural plate. The X-ray plates of the t}'pes 
show that those processes are sometimes connected with the 
vestigial rib-heads by the ligament-like periosteal tissue of the 
absorbed rib. 

Third costal plates (rp. 3) extiemely slender, rib-like, and feebly 
developed. Main arms half or less than half breadth of those of 
second, from which they are separated by a fenestia. about half 
as broad as those preceding. Each has three heads, each one of 
which is twice as broad as the main arm, the median uniting by 
suture with the third neural plate, thus forming a bridge between 
second and third median fenestr® on each side; anterior ami 
posterior heads directed obliquely outwards, similarly united with 
the corresponding heads of second and third costal plates, which 
are directed obliquely inwards beneath the costo-vertebral shield - 
sutures. 

In the specimen in which development has been arrested at a 
Proc. Zool. Soc. — 1922, No. XXXV. 35 
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very early stage, only the merest traces of bone-deposit are 
present in place of the rib-like arms of these plates {vide text- 
fig. 10). 

Fourth costal plates {cp. 4) in form precisely like second, twice or 
more tlian twice width of tliinl, sometimes with very ragged edges ; 
widely separated from neural by third median fenestra?, forming 
a suture with sixth marginal plates, sometimes with corner of 
seventh also. Fenestra between third and fourth similar in size 
and shape to that between first and second, about twice width of 
that between second and third. 

Fifth costal plates {cp. 5) precisely like third in every way, 
connecting by suture with seventh marginal plates. Fenestra 


Text-figure 10. 



Carapace of adult arrested at an earlier in development. 

(I^eft side, from within ; \ nnt. size.) 

between fourth and fifth similar to that between second and 
third, about half width of that between third and fourth. In 
the pooidy developed specimen already referred to (text-fig. 10) the 
rib-like limb is represented by a few bone-granules in isolated 
patches. 

Sixth costal plates {cp. 6) similar to second and fourth, but 
rather more develojied. Anteriorly naiTowly in contact with fifth 
beneath the vertebro- costal shield-sutures, othei wise separated 
by fenestrte slightly narrower than any of tlie preceding. Central 
head in closer proximity to the neurals than those of second 
and fourth; the dividing fenestra about half as large as in 
the former instances. Posterior edge quite straight, forming 
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a suture with seventh costal plate throughout its length from 
fenestra to ninth marginal, excepting in the abnormal specimen, 
in which it is paitially separated from the seventh by an 
elongated fenestra. 

Seventh costal plates {cp. 7) straight, with angular head and 
pointed distal end which is projected some distance into middle 
of ninth marginal. Anterior facet of head free, bordering fourth 
vertebral fenestra, posterior forming suture wdth seventh neural 
plate; main anterior border forming suture with sixth costal 
from end to end, posterior border forming a similar suture 
with eighth. On the upper third of the suture between the 
seventh and eighth costal plates there is a small oval fenestra, 


Text-figure 11. 




Diai^ram of marginals 5, 6, aud7. a. T. loveridgii. b. T.ihera. 


smaller on one side than on the other in the individual figured, 
but of variable size in others. It is always very ragged in 
outline. 

Eighth costal plates (cp. 8) pentagonal, broad, with the exception 
of the very small fenestra described above, completely in contact 
with the surrounding plates— t.e., seventh costal, seventh and 
eighth neural, first pygal, ninth, tenth, and eleventh marginal 
plates. A small triangular process is projected into the anterior 
portion of tenth marginal. A small kidney-shaped fenestra with 
jagged edges pierced above the ilio-sacral region, anteriorly 
reaches just beyond the groove made by the fourth costal and fifth 



502 


»ns8 JOAN B, PROOTlfiR ON TIIK 


vertebral shields and proceeding backwards almost to the eighth 
neural. 

Presumably this fenestra and the small oval one between the 
seventh and eighth costals are all that remain of the large kidney- 
shaped one, similar to those between the preceding costal and 
neurals, which is present in youth. 

The marginal bones are somewhat wider than the corresponding 
shields ; first, second, and third markedly so ; sixth to tenth deeply 
notched in the middle for tlie reception of spurs from the corre- 
sponding costal plates. Fifth, sixth, and seventh enter into the 
composition of the plastron beneath, and will be dealt with as 
part of the plastron. 

When one considers the great depth of the lateral marginals 
in ordinary tortoises in compai-ison with their abnormal shallow- 
ness in T, loveridgii, the shallow cai’apace of the latter is to 
some extent explained. In text-fig. 1 1 the fifth, six, and seventh 
marginal plates, drawn diagraiiimatically, of 1\ loveritlyii and 
T. ihera are compared. 


The bony plastron o f the adult » 

The bony plastron is also composed of bone thin to trans. 
lucency. In the centre there is an enormous diamond -shaped 
fenestra reaching from ento- to xiphi plastron, and side to side 
from marginals to marginals. It is very ragged in outline, 
variable in size, and lies beneath the pectoral and abdominal 
sliieUls, so that the greater part of the abdomen is unprotected 
by bone (vide text-fig. 12). 

Epi plastrons (ep,) shapely, oblique, moderate in size; posterior 
borders serpentine. 

Entoplastron (ent.) in the shape of a diamond, the anterior and 
posterior corners of which have been truncated ; posterior margin 
free, corresponding with the humero-pectoral shield-suture above, 
entering into the central fenestra, into which a sharp bony spur 
projects, representing the tip of tlie sternum, which is fused to the 
inner surface of this plate in the normal way. 

Hyoplastroiia (Jip-) very small, rectangular, obliquely set; 
separated from each other by the anterior angle of centr.al 
fenestra; widely separated from the hy^wplastrons by marginal 
plates. 

Marginal plates (mp,) 5, 6, and 7 enter into the composition 
of the plastron on each side of the fenestra, spreading obliquely 
inwards to a most unusual degree, number 5 running beneath tlie 
pectoral vshields to the abdominal, and terminating with a free 
oblique edge in the central fenestra ; number 6 borders the lateral 
corner of the central fenestra on each side. 

Hypoplastroiis (hyp,) completely separated from each other by 
the posterior angle of the central fenestra; produced to form 
part of the posterior plastral lobe. 
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Xiphiplastrons {zp,) form slightly oblique sutures with the 
? their anterior median corners enter into the 


Text-figure 12. 



Bony plastron of an adult, viewed from without (| iint size). 

Fenestra 1| deep grooves beneath epidermal shield-suturc *; 

epiplastrons, ejp, ; entoplnstron, ; hyoplastrons, ; hypopliivtrons, ; 
xipliiplastrons, zp . : marginal plates, mp, 

posterior corner of the central fenestra, which separates them 
from each other anteriorly ; a broad open cleft posteriorly ; 
lateral edges bi-lobate. 

• The groove beneath the median longitudinal shield-sutures is equally deep, hut 
is not marked, as it would obscure the bony ones beneath. 
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Differing from the common T. ibera in the following 
particulars : — 

The prffifrontals are larger than the frontals, and widely 
separated from the post-frontal bridge; temporal an<l posfc orbital 
arches stouter in proportion, especially the latter ; anmikis tym- 
panicus larger, stapes us slender as a hair. 

Maxillary with three alveolar ridges, the inner one of which is 
comparatively weak, the outer one, or maxillary edge, denticuhited 
with what appear to be minute pointed teeth of the acrodont 
type, but which liave not the composition of true teeth ; the number 
is about 20 on each outer, and .about 7 on each inner, maxillary 


Text-figure 13. 



a. c. 


Skull of adult (nat. size), a. Palatal view (horny slioathB not blackened), b. Side 
view (horny sheaths blackened). Horny sheath of maxillary partially dissected 
away to show donticulations in the bone itself, c. Mandible Oiorny sheaths 
blackened). 

ridge. One or two similar denticles between the cusps of tJ.e 
prfemaxillary. These denticles are so fragile that if the adherent 
horny sheath is removed in the usual way, they are completely 
destroyed, but they can be clearly seen without a lens if the horn 
is partially removed. In text- fig. 13 this has been done, and the 
remaining horn blackened in the profile view, in order to dis- 
tinguish it from the maxilla. 

All the ci-anial foramina seem to 1^ proportionately small. 

The mandible has both its alveolar ridges denticulated in tlie 
^me manner as the maxilla. In the figure the horny sheaths, 
in this case entire, are blackened. 

Vertebral column. 

First eight (cervical) vertebm as in T, ibera. 

The dorsal vertebrae (ninth to eighteenth in the complete 
series) diflPer profoundly from the ordinary pattern; they are 
entirely without spinous processes and the centra are greatly 
depressed instead of compressed, and hollowed to a thin shell 
for the reception of the spinal cord, the vertebra? being thus a 
simple depressed tube, adherent to the bony neural plates of the 
carapace. In all other species the vertebral column is separated 
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from the carapace by wide arches, the contact with it being 
formed by long thin neural processes ; in no case is the main 
column, even narrowly, in contact (excepting T, tomhri). 

It is in some cases impossible to detect what remains of the 
neural arch in a section, for it has degenerated to such an 
extent that in some individuals it appears to be wanting 
altogether. Possibly it is absorbed to a variable extent in the 
same manner as the ribs. In the vertebral sections figured (vide 
text-fig. 14), it seems to be represented by an extremely thin 
layer beneath the neural plate, forming a meagre roof to the 
neural canal. The specimen to which it belongs, however, is the 
most degenerate of any that have been examined. More normal 
individuals, however, cannot bo spared for the necessary dissec- 
tion. Figs, c and d show diagi*ams of sections through the 
middle and towardis the anterior end of the eleventh vertebra ; 


Text-figure 14. 



Diagrams of mid-dorsal vertebra*, a. Anterior (»iid. b. Posterior end. o. Section 
towards one end. d. Section through middle, e. Side view of vertebra* with 
lateral expan.sions of neural plates cut off. f. Tw'o vertebra? bent ajiart, to 
show tbinnesH and flexibility of the combined neural plate and neural arch. 
Fipiderinal shield, ee; dermis, (i; neural plate, ; neural arch, »a; centrum, r. 

figs, a and b, the vertebra viewed from each end; fig. e, the 
twelfth and thirteenth with part of eleventh, .side view, with 
the lateral portion of the tiiird neural plate cut through ; fig. f, 
the twelfth and thirteenth, bent apait to sliow the thin flexible 
covering of the neural canal. The relative positions of the 
articulation of the vertebrae and the iienral plate sutures vary, 
usually alternating with each other. The points of juncture 
between the 5th and 6tli neural plates and 14th and 15th 
vertebrae, however, coincide, one above the other. 

The ninth vertebra is, of course, highly specialised for the articu- 
lation of the neck. The facets for the articulation of the first 
(non-functional) ribs are situated at the extreme anterior end. 
Vertebrae ten (2nd dorsal) to thirteen are progressively more 
elongate, and liave the tubercles for the articulation of the rib- 
heads at the extreme anterior end on each side as in the ninth ; 
in some of the young, articulation ttikes place at the juncture of 
each consecutive pair of vertebi'ae. Fourteenth to seventeenth 
become pi*ogressively shorter, and the facets for the corre- 
sponding rib move further backwards in a lateral ridge as the 
ribs become directed obliquely in this direction. Eighteenth 
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nineteenth, twentieth, and twenty-first vertebrcB progressively 
shorter, their diapophyses elongate, slender, distal ly in contact 
and supporting the iliac crests, those of the nineteenth the longest. 
Diapophyses of anterior caudal vertebrte also elongate. Oaudals 
normal, twenty-four in number, stouter in the male than in the 
female, according to the radiographs. 

liiha. 

The ribs may be considered as absent in the adult, the part 
Text-figure 15. 



normally adherent to the carapace having become completely 
absorbed. The free or capitular portion is sometimes present as 

* Sutures between coslal pbites 2, 3 and marginal plates 4,6, accidentally omitted. 
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a vestigial thorn-like structure, but is more often absent 
altogether, or represented by a thin ligamentous simulacrum 
{vide Pis. II. & III.). 

The first pair, which in all tortoises are rudimentary, are 
normal. The second (first functional) have the free capitular 
portion sometimes present, although reduced, adhei’ent terminally 
to the first costal plate, and in contact with the first pair in the 
usual manner (vide text-fig. 15). Third pair absent or vestigial. 

Fourth pair, when present, similar to the second, but usually as 
slender as a hair ; in contact with third pair of costal plates. 
Fifth pair absent or vestigial. Sixth pair like the fourth, but still 
more vestigial and directed slightly backwards. Seventh pair 
absent or in some specimens present, and bridging the fenestr® 
and meeting the corresponding process of the sixth costal plates, 
directed slightly backwards. Eighth pair rather depressed, 
directed still more backwards, in contact with the seventh pair 
of costal plates just in front of the seventh neural plate. 
Ninth pair slender, directed strongly backwards and flattening 
out beneath the head of the eighth cx)stal plates. 

Jn the young specimen (60 mm. long) described in the next 
chapter, a tenth pair of ribs are present. 

Pectoral girdle. 

The bones of the pectoral girdle and fore-limbs, as compared 
with those of T. ibera, are slender, and the coracoids are not so 
strongly dilated ; in other respects they are similar {vide Pis. II. 

<k in.). 

Pelvic girdle. 

The bones of the pelvic girdle and hind-limbs, also compared 
with those of 'J\ ibera, are somewhat more slender and those of 
the pelvis less dilated {vide Pis. II.<kIIT.). The ilia are not fixed 
above as in the ordinary tortoises, as they terminate just beneath 
the last median fenestvsB in the carapace, whilst in tortoises wdth 
a solid carapace they articulate with a bony prominence beneath 
the eighth costal plate. 


Development. 

Until April of this year, only adult or extremely young speci- 
mens were available, and it was, therefore, only possible to guess 
at the intermediate skeletal forms. Mr. Loveridge has, however, 
now sent over a series of young and half-grown, which illustrate 
the processes which are taking place and corroborate my earlier 
speculations. 

Ribs. 

In the young the ribs are perfectly normal (vide text-figs. 17, 
18) but step by step they disappear. The portion adherent to 
the carapace becomes flattened, and disappeai's in a manner 
similar to that met with in other members of the genus. The first 
portion to become completely absorbed is that which underlies 
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the oblique connecting bridges between the costal plates, which 
in turn underlie the vertebro- costal epidermal shield-sutm^es : 
that is to say, the point where the rib becomes adherent. 

The capitular free portion of the rib absorbs in a peculiar way. 
At 71 mm. these free ribs still appear to be present when the 
carapace of a spirit specimen is raised ; when explored, however, 
they prove to be chiefly composed of soft pliant material, like 
ligament. At 81 mm. there is still a splinter-like rib within tliis 
soft material, but this becomes more and more wasted by 
absorption, until it is lost absolutely in tlic adult, or represented 
by a tiny thorndike splinter one or two mm. in length — the 
extreme capitulum of the original rib. Mr. Burne has very 
kindly investigated the structure of this soft portion, excised 
from a young specimen. Longitudinal sections show that with 

Text-figure 16. 



Microscopic section through capitulum of abHorhing rib(X in which almost 
nothing but periosteum is left. (After a sketeh by Mr. Burne.) Periosteal 
fibres, p ; cartilage, c ; areas of calcihcation, b, 

the exception of two small areas of calcification in the capitulum 
itself, no bone is left {vide text-fig. 16). These areas are situated 
in a part of the original cartilage ; the rest of the section shows 
nothing but parallel bundles of what appears to be connective 
tissue. Near the edge of the sections there are, however, a row 
of multi -nucleated cells which Mr. Burne considers to he osteo- 
clasts. He says: “I presume what happens is that the bone 
after being formed in the rib is absorbed by these osteoclasts, 
and the periosteum — possibly thickened — is left, forming a simu- 
lacrum of the rib.” There is no doubt in my mind that this is the 
right interpretation ; also that this process of absorption, carried 
only to an early stage, is responsible for the excessive slender- 
ness of this portion of the ribs in other species. 

The carapace. 

In a specimen 42 mm. in length, pi obably newly hatched or 
only a few months old, the plates are commencing their develop- 
ment, and are at a particularly interesting stage {vide text-fig. 17). 

The nuchal is more or less fully formed within the marginal 
ring, but does not extend beyond. The neurals, excepting the 
third and fifth, consist of minute oval areas of yellowish bone- 
granules towards the anterior of each underlying vertebra. The 
third and fifth are laterally dilated to some extent, the fifth being 
almost in contact with the head of the fifth costal plate. These 
two neurals underlie the two middle vertebral shield-sutures. 
The thin layer of coarse bone-granules which composes each 
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one of them is distinguishable without a lens. In pulling up the 
carapace, quite half of these plates separated easily from the 
vertebrsB and adhered to the carapace, or rather to the dermis, 
which shows that they are not completely fused with the vertebrae 
at this stage. 

The costals are slightly more developed, and are disposed as 
follows : — The vertebral and costal epidermal shields meet each 
other in a zigzag suture which has seven angles. At each of 
these, three shields meet corner to corner. It is beneath these 
points that the centres of the incipient costal plates are located. 
Tliey are therefore alternately nearer to, and further fi’om, the 
vertebrae. Those nearer to them tend to develop proximally, and 
are more or less rhomboidal in shape, and those further away 
develop distally down the rib, and are more triangular, the apex 
pointing towards the marginal region. 

The first, second, and third are not quite in contact with each 
other, the third, fourth, and fifth are nearly in corner to corner 


Text-figure 17. 



Carapace of newly-hatched young, from without (nat. Biae), 

Epidermal shield-sutures •; vertebra and ribs 

contact, the fifth and sixth are joined by oblique suture as in the 
adult, forming an oblique bony bridge beneath the shield-suture. 
The seventh and eighth are but commencing their formation. 

The pygals are absent altogether. 

The marginal plates are not recognizable as such at this stage, 
but minute groups of boiie-granules are detectable beneath the 
shield-sutures between marginals three to eight. Posteriorly 
they are not visible, although their primary paidiicles may be 
present in the dermis. 

At about 60 mm. the eight pairs of ribs (2nd to 9th) are still 
distinct and of normal length, but are modified, the proximal 
5 mm. having become very slender, and the remainder flattened 
and adherent to the dermal costal plates where these five present. 
In the particular specimen figured a ninth pair of ribs are fully 
developed, and reach the marginals on both sides. 

At this stage {vide taxt-fig. 18) the development of the 
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dermal bones of the carapace is well advanced, showing most 
clearly how the carapace of the adult is formed. The anterior 
and median portion is developed almost as much as in the adult, 
but posteriorly large fenestra) occur beneath the fourth costal 
and fifth vertebral shields, which (fenestrse) are almost entirely 
roofed in with bone in the adults. 

The nuchal and marginal plates are fully formed. The neurals 
are of the adult pattern, but they are narrow, thin, and feebly 
developed anteriorly, becoming progressively broader posteriorly, 
the seventh and eighth are the broadest, followed by a mud) 
narrower first pygal. The first pygal is not well developed, and 
is separated from the last costal plate on each side by a very wide, 


Text-figure 18. 



Carapace of young specimen 60 mm. in length, from within (| nat. size). 

subtriangular fenestra, which is represented in the adult by a 
small one of ragged outline in the last costal plate itself. 

Fi’om the study of this one stage it is easy to reconstruct the 
development of the bony carapace of the a<lult, and, by logical 
conclusion, to suggest a manner in which a solid carapace can be 
formed. 

Oostal plates one to six are similar in form and arrangement 
to those of the adult, excepting that they do not reach the mar- 
ginal rib by about 3 mm. In the case of the first, the shortness 
of the plate causes a small fenestra to be discovered between 
the underlying rib and the anterior marginal plates. 

At this stage one sees the relative positions of true ribs and 
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costal plates, which are not clear in the ribless adults. The 
main limbs of the second, fourth, sixth, and eighth costal plates 
are very broad, narrowly l)ordering the underlying rib anteriorly 
but projecting widely beyond its posterior edge. The alter- 
nating third, fifth, and seventh are but feebly developed, and 
are very little broader than the underlying rib, which they cover, 
and border narrowly and equally. This alternating arrangement 
of the breadth development, which takes place posterior to the 
companion rib, accounts for the relative widths of the lateral 
fenestriB in the adult, in which the slender costal plates are 
preceded by a narrow fenestra, and succeeded by one at least 
twice as broad, the general effect being a single fenestra the 
shape of the epidermal shield, bridged by a slender rib-like 
costal. The same principle applies to the formation of the plates 
beneath the vertebral shields. In this case the first, third, fifth, 
and seventh neurals are well developed (progressively as already 
noted), and form lateral sutures with the corresponding well- 
developed heads of the corresponding costal plates. The broad 
bridge of dermal bone thus formed is over and posterior to the 
free underlying rib-head. This makes the segment of the median 
fenestra immediately following, half the width of the remaining 
segment on each side of the vertebi-ae, a. similar arrangement to 
that met with in tlje case of the lateral fenestra). The alter- 
nating second, fourth, and sixth neural plates are feebly developed, 
barely wider than the underlying adherent vertebrjc, and are 
widely separated from their corresponding costals, which, though 
they are broadly developed distally, are not continued proximally. 
The large kidney-shaped fenestra in the dermal bone is, however, 
bridged by the true rib beneath : a slight deposit of dermal bone 
on the distal end of this rib-bridge forms the feeble, pointed apical 
head of the cost*al jdate which projects into the fenestrae at a 
later stage when the rib itself has absorbed. 

Thus the broad neuro-costal bridges are continuous with the 
slender main-limbed costals, and the undeveloped neurals are con- 
nected by the free portion of the rib with broad costal main limbs. 
The bony bridges formed by the oblique heads of the costal plates, 
and which separate the median from the lateral fenestrae (beneath 
the vertebro-costal epidermal shield-sutures), are about as w ide as 
their neighbouring broad costal or neural plates. In the same 
way narrow anterior sections of the median fenestra) are opposite 
the wide and posterior sections of the lateral fenestra), and vice 
versa. 

In the young of this size there is one great dilFerence in the 
stage of dermal bone development, namely that of the seventh and 
eighth costal plates. In the adult, the seventh, although narrow, 
normally forms an uninterrupted suture with the sixth and eighth 
from the last median fenestra to the marginal region. At the 
present stage, the seventh is similar to the slender third and fifth 
costals, and the eighth is similar to the broad second, fourth, and 
sixth costals, the seventh being separated from the eighth by a wide 
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fenestra, represented in the adult by a small fontanelle, and from 
the sixth by a narrow one, absent in the adult ; the latter fenestra, 
however, is divided into two by the contact of the posterior corner 
of the end of the dilated sixth with the seventh costal, about 3 mm. 
from the marginal plates. This is caused by the relative positions 
of the implicated ribs, which become closer together posteriorly 
as the vertebrae become progressively shorter. For this reason, the 
eighth costal plate in this specimen completely roofs over the ninth 
and tenth (abnormal) ribs, the intervening space between them 
being no broader than the entire second costal plate (compare 
text-figs. 18 and 15). 

Therefore, in the first instance (42 nun.) it is the central portion 
of the carapace which is the most developed ; later (60 mm.) the 
plates are more or less equally developed all over, with the exception 
of the neurals, which are progressively enlarged postei iorly. Con* 
tinuing up the series (71, 81, and 89 mm.), the first, second, fourth, 
sixth, and eighth costal plates expand in length until they form 
sutures with the marginals ; the third and fifth become the slender 
rib-like plates of the adult form ; and the posterior portion of the 
carapace from the seventh costal to the pygal plates becomes 
roofed in with bone by the expansion of the seventh and eighth 
costal plates. 

The anterior part of the carapace in the adult, therefore, is 
arrested at an earlier stage in its development than the posterior. 

The plastron. 

At 42 inm. the plastron is in the initial stage of development 
{vide text-fig. 19) ; all nine bones are present, but very small, 
thin, and for the most part widely separated from each other. 
The epiplastrons are merely small strips of bony deposit beneath 


Text-figure 19. 



Platjtron of newly- hatched young, from without (nat. Kize). 

the anterior portion of the pectorals. The entoplastron is better 
developed, and subtriangular in shape. The hyoplastrons are 
Jigged ill outline, and not in contact with epiplastrons or 
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entoplastron. Hypo- and xiphiplastroiis narrow and in sutural 
contact, forming a narrow, bony band running obliquely across 
the hind lobe. The xiphiplastrons, however, do not meet each 
other. 

In the 60 mm. specimen {vide text-fig. 20) the median fenestra 
is much broader in proportion than in the adult, reaching almost 
from edge to edge of the plastron. Marginal plates five, six, and 
seven, which in the adult are produced inwards for a considerable 
distance, only overlap the line of their corresponding epidermal 
shields to a small extent, and are about equal, not graduated 
in depth as in the adult {vide text-figs. 12 & 20). The epi- 
plastrons are more or less pentagonal and not well developed 
posteriorly at their outer corners, but are in contact with the 

Text-figure 20. 



Plastron of younj? specimen, 00 mm. in length, from within (nat. size). 

hyoplastrons and the entoplastron. Ilyoplastrons narrow and 
not in contact with the entoplastron, or with the fifth marginal 
plates, with which in adults they form long oblique sutures. 
Hypoplastrons slender, widely separated from each other, and 
only narrowly in contact with the sixth marginal plate ; they 
form short sutures with the equally slender xiphiplastrons. 

Further development takes place principally on the iiiner 
borders of the plastral plates until the central fenestra has 
assumed the regular diamond-shaped form of the adidt in this 
species (compare text-figs. 19, 20, and 12). 
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Discussion. 

The morphogeny of the carapace a^^d plastron. 

The primitive plastron, therefore, and the delicate network of 
dermal bone which forms the carapace of the adult Teatudo 
loveridfjii^ are brought about by arrested development. The 
fenestra© have not been formed in the completed structures by 
absorption, and do not incretise in this manner with age as 
supposed. The relative thickness or breadth of the plates depends 
on individual variation, specimens of abnormal fragility having 
had their development in this respect cut short at an earlier 
stage than the average individual. This principle also applies 
to such species as Tesiudo polyphemus^ in which the carapace is 
said to become thin and form fenestra© with age. A specimen 
in the British Museum Collection of 210 mm. (76. 1, 36. 6) and a 
half ‘grown specimen of 135 mm. (73.8.13,25) have both 
carapaces and plastrons fenestiuted in a manner similar to those 
of T, loveridgii^ whilst one of 225 mm. has them thin but entire. 

The ribs of the latter on the other hand, and seemitjgly the 
neural arch of the vertebrie, do absorb with growth ; tlie ribs 
completely in most cases. Thus the bony plates are developing, 
whilst the ribs are degenerating by osteoclastic absorption- -a 
process which is, of cour.^e, ])]iysiological, and in fact, as far as 
the ribs are concerned, carries to a logical conclusion a tendency 
which is well marked throughout the genus. 

The question which now arises is : what has led to the extra- 
ordinary degree of depression of t>he caraptice ? Some individuals 
are positively concave above, and all have a markedly deformed 
and rickety appeaiunce. 

Flattening is evidently not brought about, at any rate to this 
extent, by a fenestrated or thin condition of the carapace, lor the 
giant tortoises which pass through these stages in the course of 
development and have very thin carapaces, are remarkably convex 
in form. The only visible result here is the crumpled appearance 
of the shell of T, abingdouii, 1\ polyphemus^ on the other hand, 
is distinctly flattened. 

It can be argued on the one hand that the flattened carapace is 
brought about by the habit of living beneath stones find squeezing 
into rock-crevices. This habit, induced by environment, would be 
bound to have a modifying effect ; for, during youth, the develop- 
ment of a domed and solid carapace would bo interfered with by 
the constant application of ])ressure, and in a sufficient number 
of generations the ability to form a normal carapace might be lost 
altogether. The fact that the Burrowing Tortoise, polyphemuSf 
has a thin or fenestrated and somewhat flattened carapace 
supports this view. Could this be proved experimentally, it 
would furnish a convincing argument in favour of the heritance 
of acquired characters. 

On the other hand, it can be equally well maintained 
that an inherited tendency to the arrest in development is 
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orthogenetic, brought about either gradually or as a mutation, and 
that the furtive habit of lading beneath stones was the natural 
result, since the tortoise no longer possessed adequate protection 
from enemies. 

l^ossibly both principles come into play, the reduced armour 
and loss of ribs being orthogenetic, and the depression and relative 
condition of the vertebrae being subsequently induced by the rock- 
dwelling habit. 

Again, the metabolism of bone formation may bo to some 
extent influenced by climatic conditions, lack of lime in the 
soil or water etc., or by their food. In this connection it is 
interesting to note that Mr. Loveridge has recently found two 
specimens of Cinixys helliana in the 1\ loveridgii locality which 
have remarkably dejiressed caiupaces (31 of total length as 
against over 40 /, ) ; and, further, Tornier describes one from 
Bussisi, the 1\ tontieri locality, which has its bony plates 
excessively thin, and actually fenestrated. Possibly this indi- 
vidual, if let alone, might have founded a race of soft-shelled 
tortoises in this genus also. 

J'iie actual process of development of the bony plates of both 
carajiace and [)lastron in T. loveridgii is really quite normal ; in 
spite of the astounding appearance which they prcsiuit in the 
adult., they are similar in general form to those of the young of 
otlier species. In some, of course, one set of elements may 
develop more q\iickly in proportion, altering the ])a, lance of tlie 
fenestra* or their outlines, but the same process is gone througli 
by tluun all. 

On dissecting a series of the young of Testudo horajleldii, 1 find 
that the \ery young (50 mm.) presents a bony network ol* 
costal and neural plates, modified ribs, and midevek)ped plastron, 
similar to the young 7'. loveridgii (00 mm.). Tiie two aiv 
compared in text-fig. 21. Seiies in t>iber species, cliosen at 
rainlom, show' the same thing, xvitb, of course, variations. 3u 
some the ilermal jdates are mure equalized, and in tlie earl> 
stages present a less net-like form, each costal being kite- 
shaped, rather as in the Turtles. In the Giant Tortoise 
[1\ iiigrita) from the ( Jahapagos, a very }oung s])eeimen (1)5 nun.) 
has tlie bony carapace still extensively fenestrated ; the costal 
plates are more or less equally develoj>eil, each being dilated 
beneath the vertebro-costal sutures, and from thence narrowing 
to the marginal region, the fenestrm between are therefore 
equal. The neural plates are broadly developed ; second, fourth, 
and sixth are not in contact with the corresponding eostals. 
The general structure is therefore in essentials the same os in 
T, loveridgii* In Freshwater Tortoises, such as Emys^ development 
is proportionately ijuicker beneath the vertebral shields, a speci- 
men of 50 mm. having this part of the carapace entire, wliilst 
the costal region is only lialf completed. 

In the following section the development of the costal and neural 
plates will be dealt with further, in connection with their origin. 
Proc. Zool. Soc.— 1 922, No. XXXYl. 3(> 
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Origin of the costal and neural plates. 

Much has been written on the origin of these plates, and many 
ingenious theories have been propounded*. 

Most authors agree that the mai-ginals, nuchal, and pvgals are 
of dermal origin, and that the plastron is derived from the 
sternum and gastralia which have become greatly modified, but 
the question of the neurals and costals is still unsettled. 

Tlie earliest opinion worth citing is that of Cuvier (1799), 
who considered that the costal plates were formed “par les dilata- 
tions de huit cotes ou batons osseux qui prennent naissance sur 
les unions des vertebi es, ot se terminent^ un rebord qui entourent 
toute la carapace.” The idea that the plates are dilatations of the 
vertebral spinous processes and true ribs is held by many sub- 
sequent authors — Geofiroy St. Hilaire (1809), Bojanus (1819—21), 
Kathke (1848 ) ; or, further, that these plates originate in periosteal 
or differentiated tissue — Goette(1899), Ilaycraft (1899), Newman 
(1906). Haycraft (1891) formulates a theory that costal plates 
are rib-expansions formed where there is no differentiated 
periosteal membrane confining the rib. In the case of turtles, 
where the expansion does not reach the marginal, he states 
that the distal portions which preserve their rib-like form are 
unable to expand because “ they are invested by a restraining 
periosteum,” The fact that the costal ])lates in most Chelonians 
develop gradually towards the marginals, passing througli the 
stage normal to adult turtles, disproves this theory. 

Cams (1827) and Gegenbaur (1889) thought that the costal 
plates were greatly developed vertebral transverse processes— a, 
view which, of course, is immediately disproved by the fact that 
their points of origin tire distinct and widely separated from the 
vertebral column. 

O. P. Hay (1901) accepts none of the foregoing theories. He 
distinguishes three layers of bone — dermal, fascial, and cartila- 
ginous. The first is present in the armour of Deriniochelys^ the 
most primitive living Chelonian. The modern costal and neural 
plates are formed not by dermal but by the fascial bone, 
which since it is completely united to the cartilage elements, 
appears to arise directly from the perichondrium, as observed by 
Goette (1899). 

That these plates ai e dermal in origin and similar in every way 
to the nuchal, pygal, and marginal plates was first suggested by 
Carus (1834), and was followed up by Peters (1838), Owen (1849), 
Baur (1887), Gadow (1899, 1905, 1909), and Yersluys (1914). 
Many points brought to light in the present study corroborate 
this view. For instance, the fact that the true ribs are 
degenerating throughout their length by absorption within the 
periosteum whilst the costal plates are in pi'ocess of actual 
development, and also the marked difference in the texture of 

* “HjTiothesis follows liypotho**!?! ; tlio thcoretica] rubbisli-hcap accuiuulates ; 

and truth ever eludes uh.” — Fabius (transl.). 
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the two foi-nis of bone, seem to indicate that these arc inde- 
pendent striuMAives. It will also he remembertHl that in strip- 
ping the cjujipace from the young specimen of 42 min., some 
of the neiirsil plates adhered to the carapace ratlu‘r than to 
the vertebra. Another point against endo-skeJetal origin is the 
alternating level at which the costal plates arise on consecutive 
ribs, according to the arrangement of the epidermal shields 
above them. 

This brings up the rpiestion, also unsettled, regarding tlie corre- 
lation of epidermal shields to the underlying plates. If the plates 
are of dermal or fascial (suh-dormal) origin, one pfesupposes such 
a correlation ; if of endo-skelotal origin, there should be none. 
V^arious authors argue the case accordingly, H. 11. Newman 
opposing any idea- of correlation V4U*v strongly, wliilst Gadow 
treats it as an accepted fact. G. IT. Parker (IIK)! ), in hi.*> paper 
on ilie Seidphin‘d I'ortoise, attempts to explain the alter nating 
arrangement of these two struetnros I)y fipjilying Harrison’s 
ohservations on the regenerating tail of a tailpolc* (18ih)). 
He soya (}>. 2.‘>): -“The tail of a d<‘velo}ung tadpole is (‘(vm- 
pos(‘d of an ont('r covering of cctvxlei-m — wliich nltimately 
gives ris(‘ to th(‘ outer layers of the skin --and of a core oi 
mesoderm. 'J1u*se two masses of tissue grow i?i V(‘ry diirer(ril 
ways, so that as tlu' t-ail hmgtlams, the t'ctothr'inie eoveiing. 
whicli is Jiiost^ acti\(dy produeecl anteriorly, slips j)ost(‘ri()i‘l> 
over th(‘ \mderl})ng mesoderm, whost^ region of giowth is (‘hiell} 
at the posterior end. Although tliis poster ior migiauon of tin* 
eetodeirn lias ]>e(ri aeiiiallv demonst j*ate<l only in the tadjKfle. 
there IS reason to he! lew that it ocenrs in othei- vrutcdiraU's 

'rh(‘ ])resenl study jxiintsto a V( ry marke<i .rnd obvi(ms eori tda 
t-ioii lietweeii shields ami plates in TestaJo wdiieli. 

liaving its carapace in what one might term an ineijiient- st ige ol 
development, throws much light on the suhjeet. A careful stiulv 
of many spi'cies of Trstffdo ami Cini.ri/s during the pn iod vvlun the 
plates are dev (doping, lurugs forth a we.‘dth of e\idene(‘ that this 
eorr(dation is an imlis]»utabh‘ fact, ie t]if*se gemr-a. ]n m'vvlv- 
hatclied individuals of 7’, Unrridgit (and also tliose of T. lUnt. 
gra>ca, horsjlfldu, lelihli, etc., etc.) the hony pkites are lacking 
beneath the areolars, develojung apjmivntly as tlie shields theijj- 
sfdves eommenee to form their growth-rings. In specimens of 
differiuit sjieeiesthe amount of platt* which has accrued at the end 
of the season's growth vaiies, hut is at first in a.lJ cases greater 
Inrieath shield-sutairt^s ( th.rt is around tlie shield-edges) than else- 
where. Idle neural jilates liem^atJi a slnddd-snlure are tle\ eloped 
laterally, whilst the alt-ernnting onew are not. The costal plfit(\s 
heneatli tin* costal shiedd-sutures are at h-ast twice as hroadlv 
devolo])(Hl as those ln't-wu'en ; tlieir proximal portions, liow ever, 
alter nate in breadth and narrowness invcusely in strict accordance 
with the ovciidying shield-sutnros. Moi*eov^*er, in the male type- 
specimen the N-ray ])late {ride PI. IJI.) shows that the bon> 
plates are in fierfect harimjny with the ahnormal third vertebral 
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sluc^ld-sutnres, and are thus adapted to support four instead of five 
verteV)rals. This fact points to dernial origin of the plates, l)\it is 
in opposition to Parker’s theory of ectodermic migration in 
Cheloiiia {a 'propos of the tadpole’s tail), in which lie points out 
that ‘Muy early lo(!al disturbing influence that affected both scute- 
and ]>lnte-}>roducing tissues would leave its trace in tlie adult in 
the form of a region of modified scutes posterior to a region of 
modified houy plates.” At the same time, this does not alter the 
fact that th(‘ jdates aj’e a.<lherent to the bones of the true skeleton, 
and are coineideiit with them regarding numbers etc. Yet 
development seoms to be influenced and regulated chiefly hy that 
of the overlying dermal areas coviespoiiding to the epi<lermal 
shields. This is also seen in the (Jiant Tortoises known to 
ha\o thin caiapaces, such as 7’. ahiupcfojtH, vilcr(fp/tpeSy etc., in 
7\ rrdc^fratns\ and in fossil forms such as the Pleistocene IMarsh 
Tortoises, 7\ rosmaeri from ilodrigiicz and ’V. itulica from 
Mnurilins. fii these* the form of tlie ])lates is similar to that of 
T. the essential ncUrorh heneaih the shield -sutures heimf 

ofihicL' bone standi/ift oat in relief from the f/mt ho)(e, adiich fills 
in irhai ironld be fenestj^a* in the yoaiaj or in loveiidgii. 

In ordinary adult tortoises in uliicli the earapac(M’s complete 
and of (apial fhickin'Ss, tJiis cannot lx* a])preciat(‘d, but in these 
it (MU b(* studied ill tin* initial stages of })late-de\ (dopuuait. 

llie following (j notation from 0>\(*n ( IS 19, p. Ibl), whose ])ap(‘r 
I had not j*oad at the linn* of my own obs(‘r\ ations, eorrohoratos 
in ev(‘ry particular wha-t i have found to )>e the case in so many 
s]»eci('s* - 

“ A strong argum(*ut for regarding the costal plates as dmmal 
v)‘>si(ications rather than ])roc(*sses or continuations of the endc'- 
skoletnl elements, towliicli they are attacJie«1, maybe drawn . . . . 
from the period of theii* ossification, ami Theii’ lelative jiosition 
l() the ribs 'vvitb which they are connate. 

“ In the embryo Test'mfo indica* the uniformly slender phaira- 
]>oj)hyses are ossified nearly thronghouti their wdiole length 
iiefore the ossiiication of the costal plates, usually regarded 
as their expanded tubercle, eoinmences ; and the l)(*giiuiing of the 
superad<le<l bonot is not at the same point in eacli rib, as might 
have been expect.ed if it were the exogenous process calle*d 
‘tubercle’ of the rib. The costal jilntes are situated in the 
young 7^estndo indiea alternately nearer to and farther from 
the bead of the rib; and tlieir presence seems to be detei*- 
mined rather by the angle of union of the superiucumhent 
vertebral scutella with the lateral or costal scutella, than by 
the necessity for additional strength of the artienlation of 
the ribs wdtb the spine. Ossification commences at the ]>oint 
from which the tlireo impressions radiate, and as this point is 

* frrol)fil»ly T. nigrita or vlephantinuy auUca Srhn. an I'Xtinrt ^i)pries.j 

t “ This period, in its relation to the development of the nenral arches and pleiira- 
po])hys(*'', corresponds precisely with that at which the dermal ])lates of tlie tVocoiiile 
hefrin to he ossified.” 
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nearer the median line at the median apex of the costal sciitellnm 
than at the lateral apex of the vertebral scutellum, the resultinjj^ 
plates of bone are alternately further from or nearer to the middle 
line; and the first, third, and fifth costal plates have advanced 
along the proxinml end of tlie rib so as to join the neural plates, 
whilst the second, fourth, and sixth costal plates leave n 
[)ortion of the proximal end of the rib uncovered and crossing 
the space between the incipient costal plates and the neural 
plate 

“ When the partially ossified cara]>ace of a young tortoise is 
dried, one cannot fail to bo struck with the difierence in the 
texture and external surface of the bones which unquestionably 
belong to the omlo-skeletal vertebrsc, and of those which, notwith- 
standing their connection with neural spines and pleura pophyses, 
are developed in the fibrous substance of the corium. These 
nascent ‘ neural ’ ami ‘ costal plates ’ of the carapace have a granu- 
lar exterior and a coarse spongy texture, whilst the neural arches 
and pleurapophyscs are compact, smooth, and with a polished 
external surface : the part of the pleura pophyses which passes 
beneath and is attached to the under surface of the ‘costal ’ plate 
(pis. i.-viii.), contrasts strikingly with that superimposed dermal 
ossification. 

“ The marginal plates present the same rough, coarse, 

granular character as the neural and costal j)lates their 

<)asifi(;ation has been governed b}’’ the presen(‘e of the marginal 
(‘pidermal scutes, and, as in the case of the costal plates, 
by the points of junction of co.itiguons scutes; each marginal 
ossification is accordingly impressed by the lines indicating the 
junction of the marginal epidermal scutes with each other and, in 
the case of the middle ones, with the contiguous scutes of the 
plastron.’’ 

The whole of the foregoing evidence therefore points to the 
fact that the costal and neural plates are of dermal origin, not 
ehdo-skeletal ; and are, in fact, similar in this respect to the 
nuchal, pygal, and margiiial plates. 

Further, the corrrelation between the epidermal shield-sutures 
and the plates beneath, observed independently iu the present 
study and previously by Owen, suggests that their growth is also 
correlated. 

. The areas of dermis beneath each shield are well marked off 
from one another by a fold and an underlying groove in which 
the shield-edges are implanted. It is pi*bl>able that these 
dermal areas grow in tlie same manner tin their superimposed 
shields, and that the bony plates beneath, which are of dermal 
origin, have their growth similarly regulated. 

The following hypothesis is therefore suggested : — 

That the bony plates of the carapace develop from the derm is ^ 
primarily hi the areas of groirth activity. 



REMARKABLE TORTOISE, TESTUDO LOVBRIDGII. 521 

{a) Where this takes place concentrically, as seen by such 
striatioris in the epidermal shields, the plates in the early stages 
of development are localised principally beneath the shield - 
sutures, as in Testiido, Cinixys^ etc. 

(ft) Where growth is uniform throughout each area, develop- 
ment of the plates is also equalised, proceeding from the individual 
centres of ossification, as in Emys etc. 


Summary. 

Testudo loveridgii has an excessively depressed soft-shelled 
carapace, and is able to inflate itself to a certain degree. It 
possesses a bony carapace and plastron, but they are extensively 
fenestrated, incomplete, and similar in essentials to the juvenile 
stages of other species. 

Marginal plates five, six, and seven spread inwards in a unique 
manner, entering into the composition of the plastron and 
separating the hyo- and hypoplastrons from each other. Their 
upj>er portions are extraordinarily shallow. 

The ribs in 2\ loveridgii become (usually) entirely absorbed, 
apparently by the osteoclasts which are present beneatli the 
periosteum. A simulacrum of the ca2)itular portion, soft like 
ligament, and formed chiefly of periosteum, persists for some 
while. 

The neural arch is vestigial and sometimes completely wanting, 
the neural plates being a])plied to the depressed centra to form 
the i*oof of the neural canal. Absorption probably takes place to 
some extent as in the ribs, but the arch is never more than a 
simple layer of bone, without spinous processes. 

The jaws, together with their investing horny sheaths, are 
denticulated with remarkable regularity. 

Fenestration in this and other species is caused by arrested 
development, and not, as previously supposed, by absorption with 

The development of the bony plates in T, loveridgii and the 
young of other species points to the nenrals and costals being of 
dermal origin. The princi})al evidence is : — 

(1 ) 21iat they are developing whilst the ribs and 'neural arches of 
the true skeleton are degenerating, (2) l^hat the point of origin of 
each costal plate is alternately nearer to and further from the rib 
capitulum. (3) That the form of these plates in their early stages of 
development is in strict correlation with the borders of, or sutures 
betweeny the superincumbent epidermal shields. 

It seems possible that the development of the plates is regulated 
by that of the areas of dermis corresponding to the epidermal shields ; 
(1) forming a network as in T. loveridgii and other species when 
this groioth proceeds concentrically, or {2) proceeding equally from 
each centre of origin where dermal growth takes place equally within 
each area as in Emys etc. 



522 


lfl9fi JOAN B. PROOTBB ON THE 


Notes. 

The following field-notes and observations on' the original 
specimens^ and those collected on subsequent expeditions, are 
contributed by Mr. Loveridge : — 

Habitat, 

“The first specimen of this tortoise which I met with was 
found dead at the foot of a precipitous rock some 40 feet in 
height and situated near the top of a rocky kopje 500 feet 
above the surrounding dry thorn-bush country. From the 
flattened and broken remains, I concluded that it was a species 
unknown to me, and crushed by a rock having fallen upon it. 
(The rocks are gi^ey granite, sheer precipices on the kopjes and 
rounded boulders scattered on the plains around. Most of the 
specimens have been collected beneath the latter.) On December 
8th, 1918, my native collector brought in a small specimen which 
I at once assumed was T, tomieri Sieb., of which I had read brief 
notices but had never seen the original description. During 
succeeding days two batches of these tortoises were found in 
crevices or beneath rocks, but though I did not leave the district 
till December 28th, and had a native looking for them constantly, 
no more were found. 

“ On January 1st, 1921, 1 sent the same boy who was with me 
for two years before, back to the same locality which lies south of 
Dodoma in arid country. Here, again, he found but two or three 
specimens, but, ranging round, caine upon another kopje where 
they were more plentiful, though he alleged that without a single 
exception they were under the rocks, of which he had to remove 
a great many before being able to effect captures. He had one 
piece of good fortune in finding four young specimens all together 
beneath one boulder, with the exception of a slightly larger one 
already caught ; these were the only young specimens taken. The 
smallest of these was unfortunately tmdden upon and promptly 
died. The shell is mucli depressed as in the adult. When 
Mr. Boulenger described the species in 1920, he assumed a small 
dome-shaped tortoise, which I found preserved in a bottle (no 
data) in a German house near Morogoro, to be the young of 
T, loveridgii ; this, however, is disproved by the finding of young 
specimens with depressed shells. 

“ In November 1921, 1 spent an afternoon with my boy looking 
for T, loveridgii at Dodoma. He first took me to the place 
where he got the eleven tortoises, which is not on a kopje but on 
a huge rock 100 yards from a kopje. The rock is about 30 feet 
long and 10 feet wide, and slopes up from the ground to a height 
of 7 or 8 feet. On the knob is a flattish boulder, and beneath 
this he found them all in January (evidently aestivating — January 
and February being our hottest months). The tortoises therefore 
climbed up the boulder : one would certainly never think of looking 
for them in such a spot. We then went to the place where he 
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found the three — in a cleft of a split boulder ; they had to climb 
the boulder and slide down an almost vertical cleft, where one 
would suppose they could not get out ; the cleft was about 
18 inches. In this cleft, amongst a litter of dead leaves, were two 
not half-grown individuals. We hunted about all the rest of 
the d^, but found no more. . . . Their markings are very 
fine ; Tabora specimens are noticeably darker than the Dodoma 
ones. 

Pairing. 

“On December 12th, 1921, at 4.30 p.m., I observed two 
specimens paired for the first time. k. native said they had been 
so approximately for half-au-hour. The shell of the male formed 
an angle of 45® with that of the female ; his fore-feet were in the 
air ; he kept moving his head in and out of his shell and had his 
mouth wide open. In April this female and others were heavy 
with eggs. On January 13th two more tortoises were paired at 
9 or 10 A.M. and from that date and onwards pairing took place 
daily, usually between 9 or 10 A.M. and 2 r.M. The female 
generally walked away with the male' following ; frequently the 
latter became impatient and snapped at her limbs, or crawled on 
her back, making vicious snaps at her head whenever it appeared. 
On a couple of occasions the males were so ill-tempered that they 
seized the edges of the females’ shells in their jaws and dragged 
them along, finally getting beneath them and apparently 
endeavouring to overturn them. 

Habits of T. loveridgii co7npared with those of Cinixys belliana. 

“ As I had these species under observation for four months 
confined in the same enclosure, I found it very interesting to 
compare the habits of an exceptionally highly-specialised Box 
Tortoise with those of a retrogressive and soft-shelled species. 

“ Owing to neither my native collector nor myself finding 
T. loveridgii in the open, I had come to the conclusion that 
it wjus nocturnal ; with a view definitely to ascertain if this were 
indeed so, I visited the enclosure at all hours of the night up to 
1 A.M., but with on© or two solitary exceptions never found them 
out. At dusk they always retired beneath the heaps of stones and 
boulders provided for them, and there they piled themselves up, 
one atop of another, a great deal of noise being caused by the 
scratching of claws on shells. They did not again make an 
appearance until several hours after daybreak, which varied 
according to the dullness or brightness of the morning. 

“ C. belliana^ on the other hand, not infrequently stayed out at 
night, and particularly when miny ; all seven of them would spend 
the night in trying to escape from the enclosure. Moreover, 
(7. belliana was always on the move at daybreak. On further 
reflection it was obvious that in their soft shells T* loveridgii 
would fall an easy prey to the carnivores roaming about af^r 
nightfall, and which are very plentiful in the Dodoma district 
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(Leoparcl, Batel, Civet, Mungoose), This was brought home to 
me very forcibly one night by a Civet entering an adjoining 
enclosure and eating four and a half young crocodiles in one night. 
The shell of (7, beUiana would resist most attacks ; the thickness 
of their bony defence as seen in a sawn-through section is 
astonishing, 

“ T, lowridgii shows a fondness for climbing up and falling off 
the rockeries of its enclosure, which pastime, indulged in in its 
natural habitat, calls for a rapid recovery in turning over ; it also 
displays great agility in climbing up wire netting. One day 
eight specimens of the Soft Tortoise succeeded in escaping through 
a hole in the wire netting ; two were recovered in three days, 
being found on the second and third days at some huts 400 yards 
from the hill. They appear to feed oftener than (7. helKana and 
are quite voracious. They feed well on a succulent grass here; the 
previous specimens taken home were fed on lettuce, and when 
this failed were induced to eat bread soaked in jam. T, loveridgii 
generally retires to its retreat when a shower comes on, but on 
occasion I have known the whole lot turn out during heavy rain 
and feed voraciously, probably being thirsty. 

“ I was at first disposed to think that T. loveridgii could not 
swim, as the first half-dozen arrivals on being placed in water sank 
to the bottom of the bath and remained there without putting 
forth any effort. On seeing some young ones struggling in water 
and trying to swim, I retried a couple of females, which struck 
out well and kept themselves up when placed in a bowl of 
water.^’ 

Unfortunately nearly half of those valuable tortoises, kept alive 
by Mr. Loveridge, succeeded in escaping, several doing so en route 
to the coast on their way to me. Several spirit specimens also 
came to grief, but a sufficient number remain, reinforced by still 
later collections, including a beautiful series of young, to enable 
a* thorough study of this most variable species to be made. 
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EXPLANATION OP THE PLATES. 

Plate 1. Testudo loveridgii Blgr. (^ nat. size). 

Plate 11. Radiograph of ? type-specimen (nat. size). Showing correlation between 
bony plates and epidermal shield-sutures (\isible as a network of 
white lines). 

Plate III. Radiograph of J typo-hpeemien (nut. size). Showing coiTolatcd shield 
and plate abnormalities. 
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1. Introduction, 

Cacopiia sy stoma is an^ Indian toad of the narrow-mouthed, 
edentulous and fossorial type belonging to the family Engy- 
stomatidte, well-known for their habit of feeding upon ants and 
termites. Among the chief characters which distinguish the 
genus are the following : the palate has two dermal transverse 
folds more or less denticulated, one beliind the vomers and tlie 
other in front of the oesophagus ; there are no pre-comcoids ; the 
sternum is a large cartilaginous plate ; and the transverse pro- 
cesses of the sacral veii^biu are rather strongly dilated. 

The following notes were compiled in India during what was 
intended to be a comprehensive study of the morphology of 
Caoopus systorm. Comparisons with the anatomy of certain 
other toads of the same family and comments thereon have been 
made wherever suitable. 

This work was done in the Zoological Laboratory of the Madi*as 
Christian College, Madras. Grateful acknowledgment is hereby 
made for suggestions and advice to Prof. W. Bae Sherifis of the 
college mentioned, and to Dr. J. R. Henderson, formerly 

Superintendent of the Government Museum, Madras. To Prof. 
MacBride’s encouragement the communication of this paper is 
due ; for this and for reading the manuscript, I thank him. 

* Communicated by Pi*of, E. W. MacBeips, B.Sc., LL.D.| F.R.S., F.Z.S, 
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2. The Viscera. 

The second dermal ridge on the palate of this toad is a con- 
spicuous structure stretching across from one eustachian opening 
to the other, its edge being thrown into well-marked denticula- 
tions. On laying open the pharynx*, one finds immediately 
behind this ridge and in close contact with it and occupying 
more or less the same level, a differentiated area of about 
80 sq, mm. (text-fig. 1). Transverse sections through the same 
revealed the fact that it consisted of closely-set, parallel, and 
longitudinal reduplications of the mucous membrane of the 
pharynx, each fold containing an extension of the basement mem- 
brane (text-fig. 2). A fold is on an average 1 mm. in height ; 
the highest folds are found in the middle, and from this place 
the height of the folds on the sides gradually decreases. These 

Text-figure 1. 



“ The Pharyngeal Organ of Caeopus systoma ” exposed ; the lower jaw and the 
door of the mouth lhave been cut away. L., lamellae arranged lengthwise ; 
R., the first, short, B.', the second, long, denticulated ridge ; E., eustachian 
opening ; V., vomer ; I.P., inner dark papilla on the toothless hind end of a 
vomer (^^) ; O.P., an outer one on the vestigial palatine (P.) ; P.H,, pharynx 
. cut open and deflected. 

folds show a faint tendency to anastomose, and their free edges 
hanging down into the cavity of the pharynx, in the fresh 
condition, appear swollen. This specialised area of the pharynx 
may, in my opinion, be given the status of an organ for two 
reasons: first, it is compact, having a certain definite outline, 
and it is restricted to a definite place, namely immediately 
behind the second dermal ridge ; secondly, as the free end of the 
tongue lies, when in a state of rest, underneath this area, and 
since the presence of the intermaxillary glands is doubtful in 
this toad, the structure in question is probably a substitute for 
these glands, possessing a similar function ; the cells of the mucous 
membrane in these folds are comparatively large and sacciform, 
which facts are perhaps suggestive of their glandular nature. 

* That part of the alimentar>' canal between tbe second dermal ridge and the 
stomach, I proj^ to call “ the i>harynx,** as it is much wider than it should be for an 
cesophagus which is probably unrepresented in this toad. 1'he cavity enclosed 
between this ridge and the jaw's may bo termed “the oral cavity.’* 
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1 therefore propose to call this the ‘‘pharyngeal organ’^ of Cempm 
syatoma. It will be interesting to know if this structure is 
present in the other members of the family Engystomatidse. 

On the outer surface of the pharynx, from each of the two 
points roughly corresponding to the two ends of the second derma] 
ridge, is given off a slip of tissue which is attached to the free end 
of that arm of the pterygoid meeting the cranium. This arrange- 
ment is presumably for the purpose of holding up the pharyngeal 
wall which, in this region, is particularly heavy with the dermal 
ridges and the “ pharyngeal organ ” described. 

The longitudinal folds of the mucous membrane of the stomach 
appear to be more numerous than in Rana^ and in the convex 
region thereof they show a tendency to anastomose. The liver 


Text-figure 2, 



A transverse section through the middle region of “the pharyngeal organ.” 
L.Mm outer lengthwise muscles of the pharynx ; T.M., inner transverse ones 
of the same; S.T., sub-connective tissue ; B., basement membrane ; L., lamella; 
E.» ordinary stratified epithelial cells ; the same epithelial colls enlarged 
and forming a sac; X., cell-mass resulting from the fusion of two adjacent 
lamellsB ; D., an incipient duct. 

consists of but two lobes. Among the numerous specimens I 
examined, I found eight — six females and two males — suffer- 
ing from stone in the bladder. The proximal part of each 
oviduct where it opens into the cloaca becomes enormously 
dilated into a sac, which may be distinguished as a uterus. In 
this bag probably the eggs are stored before they oi^e finally 
passed out. It consists of a thick- walled, less capacious anterior 
portion and a membranous spacious posterior part. The internal 
lining of the former is thrown into numerous, densely*packed, 
villi-like processes, visible to the naked eye. The two bags or 
uteri are, along their inner sides, intimately connected by tissue ; 
I do not think that there is an actual fusion between their walls. 
The kidney possesses a simple lobe towards the hind inner end. 
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3. The Suh-eutanems and other Fat-bodiee^. 

The occurrence of sub-dermal fat is hj no means peculiar to 
this toad ; several species among the Anura are known to possei^ 
it, though its function in most of them still remains to be eluci- 
dated (Boulenger, 0. L., 3). Accumulations of the fat in question 
are found in C. systoma chiefly in two situations : (1) in the 
neck-region above and below, in connection with the lymphatic 
maxillary septum ; this lobular mass of fat may be termed “ the 
cervical fat-body (text-figs. 3 and 13) ; and (2) in the inguinal 
region on the dorsal surface in relation with the lymphatic 
inguinal septum, which is very high and falls into folds ; in the 


Text-figure 3. 



The skin on the back cut ojmii and the sub-cutaneous fat -bodies exposed in a malt* 
C.F., cervical fat-body ; S.F., supra-inguinal fat-body ; F, fatty deposits on 
the head and neck ; I.I., conspicuous inscriptionoa tendinaa of the ohliquua 
muscles, seen only among males. 


same region, but to a less extent, fat is developed in connection 
with the iliac sac and the posterior lymph-heart ; this extensive 
area of fat, in its totality, may be called “ the supra-inguinal fat- 
body” (text-fig. 3). Besides these two conspicuous sub-dermal 
fat-bodies, one occasionally finds scanty deposits of the same 
substance under the skin in the parietal and qccipital regions, 
in a small median area dorsally behind the head and on the 
under side of each arm near the brachial vein. I assume that 
these, too, are developed in relation to the lymphatic system. 

One also finds in this toad certain internal deposits of fat 

• Young specimens show neither an adequate development of these fat-bodies nor 
are they pmsent in all the places mentioned. 
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which presumably are sub-peritoueal fat. These are found in 
relation to the blood-vascular system and the vertebral column. 
The auricles and the trunoua airterioms are thickly covered with 
fat, and the ventro-auncular groove is filled with the same ; this 
cardiac fat, it should be observed, is found on the inner layer 
of the pericardium. Small quantities of fat occur also on the 
walls of the inferior vena cma^ where it opens into the einm 
venostts. In close proximity to the vertebral column is situated 
a longitudinal patch of fat on both sides extending from the 
fourth vertebra to the ninth, and a small median deposit where 
the cranium articulates with the atlas. 

Among the other Indian frogs I examined, sub-dermal as well 
as sub-peritoneal fat in relation with the blood-vascular system 
was found in Eana hexadactyla^ the analogous form in India to 
Eana eecvdenta^ and in Bana bremoepe^ a burrowing species. Never- 
theless, in these instances, while fat under the skin is confined to 
the neck-region, even that does not occur so regularly. The 
same fat in the inguinal region has been noticed by other observers 
in several species of Bufo (3), Xenopua Icevia^ and notably in 
Eemiaua guttatum^ an American Engystomatid (1) ; in the first- 
mentioned toad, however, it is ventrally situated, while in the 
last one there is a complicated development of the same in con- 
nection with the iliac sac which does not obtain in C. ayatoma. 

As this Indian toad has a remarkable habit of burrowing 
underground when the dry-season commenced and of passing 
into a torpid state, it struck me that these fat- bodies might have 
a nutritive value to the animal during that eestivating period. 
Therefore, in July and August, 1911 and 1912, I obtained by 
special efforts a considerable number and examined them. It 
was found that both the sub-dermal and sub-peritoneal fat-bodies 
had undergone, in accordance with my expectations, a great 
reduction in size and a change in colour from yellow to dull white, 
as compared with specimens examined during the wet-season. 

From the above considerations one may draw the following 
conclusions ; — Fat occurs normally in several places in the body 
of <7. ayatoma^ both internally and under the skin. While the 
pre-renal fat-bodies may be looked upon as feeders to the gonads 
during the breeding season, the other fat-bodies in this toad may 
be regarded as assisting in the general nutrition of the body 
during aestivation. It is noteworthy that in Bufo^ H&miaua^ and 
this toad the sub-dermal fat is developed in connection with the 
lymphatic system. 

4. Diacmaion on ^^the stout aJuxpe*'* ofO, systoma. 

A remarkable feature of the tvro toads of this genus is, as several 
observers have noted, the rotund shape of the body. This has 
been, till now, accounted for in various ways. Thus, Gunther (6) 

* Vide figure in Bouleoger, G. A. (S), p. 4fid. 
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observed regarding G, globuloaus that it was due to a certain 
fluid contained in the abdominal cavity and the extraordinary 
development of the ovaries in the female. But Pearson (7) 
remarks as follows: — “Gunther states that this distension is 
caused by a fluid contained in the abdominal cavity. A brief 
examination shows that this is not thecase, and that the fluid- 
containing cavity is none other than the sub-cutaneous lymph- 
sinuses which are greatly enlarged in, this form. The dorsal 
sinus is especially spacious, and has a height of 15 mm. from 
floor to roof. (The length of the frog from mouth to vent is 
75 mm.) 

In Gunther’s account he speaks of the distension of a female 
specimen being due to the growth of the ovaries, and his descrip- 
tion suggests that the ovaries grow into the large cavity on the 
back. This is not possible, as the sub-cutaneous lymph -sinuses 
are separate from the ccelom. There is only one other species in 
this genus, namely Cacopus aystoma^ which differs but slightly 
from glohidosus^ and which resembles it in the robust appear- 
ance due to the enlargement of the sub-cutaneous lymph -sinuses. 
This interesting character is not given in the diagnosis of the 
genus either by Gunther or Boulenger,” 

Thurston (8), with reference to the same species, says : — On 
laying open the visceral cavity, the globular shape was found to 
be due to an OTiormous distension of the oesophagus and stomach, 
the latter occupying nearly the whole of the abdominal cavity, 
and the remaining viscera &c. being compressed and lying 
posteriorly. There was no distension of the intestinal tmct. The 
distension of the msopbagus and stomach was found on section 
to be caused by the presence in their cavities of a mass of winged 
white ants (termites) which when dried weighed 326 grains,” 

The descriptions of Gunther are based on slender evidence, 
namely the examination of two specimens in spirit. So far as 
1' was able to observe in several fresh specimens of (7. ayatoma^ 
I did not find an excessive quantity of tlie peritoneal fluid beyond 
what should generally be expected in the abdominal cavity. The 
supposition that the development of the ovaries is a source of 
the stoutness may at once be dismissed, as it can apply only 
to females, and again in them it is seasonal as in all batrachians. 
So also Thurston’s hypothesis, as food cannot be regarded as a 
permanent cause. 

I find that the stout shape of the body in this toad cannot be 
accounted for by any one character, but by a combination of 
features as the following: — The viscera as a whole exhibit a 
great development which is disproportionate to the small dimen- 
sions of the abdominal cavity. They therefore press against 
the sides of the abdomen and bring about a characteristic 
rotundity of the same. A feature which has not been noted as 
regards this toad is the inclusion of the proximal portion of the 
thigh into the trunk. The skin of the thigh is drawn along with 
that of the body, and consequently the contour of the latter 
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begins posteriorly about the middle of the thighs*. This, I 
should think, improves upon the effect produced by the viscera. 
The enlarged lymph-sinuses, with the lymph and fat-bodies con- 
tained therein, enhance the stout shape. 

The purpose of the enlarged lymph-spaces of the two toads of 
this genus is perhaps to be sought in their fossorial habits. The 
liberally secreted lymph may serve to protect the internal organs 
from injuries incidental to animals with such habits. The muscles 
of the abdomen in (7, systonia, chiefly the rectus abdominis^ form 
a weak protection, as they are stretched to their utmost capacity 
by the pressure of the enormously-developed viscera. The 
presence of a fluid between the latter and the skin must, under 
such circumstances, serve to diminish the chances of injury from 
outside. This supposition is strengthened by the fact that larger 
quantities of lymph were found in specimens obtained during 
the dry weather than in those examined during the wet-season. 

5. The Axial Skeleton, 

An examination of tlie bones of the head revealed certain facts 
wliich, in my opinion, account for the narrow mouth of this toad 
in particular, and probably also for that of several other members 
of the siimo family in general. While the contour of the mouth 
wliich corresponds to the distal circumference of the skull, is a 
parabola in llana^ the same has been in this animal reduced to 
a mere arc. Assuming that the skull -morphology in Ranu is 
{irirnitive, one can trace the narrow mouth in question to a 
genenilly vestigial condition of most of the bones of the suspen- 
sorium. Thus the squamosal has lost the anterior arm or the 
zygomatic process, what remains probably corresponding to the 
middle t and posterior arms of tlie same in Rana (text-flg. 4 A), 
Tlie palatine, for another instance, is so inconspicuous, being 
about 3 mm. long, that it can only be found in skulls very care- 
fully prepared. The remaining bones of the suspeiisoriurn also 
exhibit in a greater or a lesser degree the same degenerate state ; 
tlie cumulative effect of this, in all probability, was the forward 
displacement of the articular head for the lower jaw. For, a line 
drawm along the suture between tlie nasals and the fronto- 
parietal s cuts the orbital fossne at about the middle and passes 
through the heads in qiiestion (text-fig. 4 C), whereas in Rana the 
same line lies far in front of the last (text-fig, 4 D). This shifting 
of the articular heads necessitated by the vestigial condition of 
the hones of the jaws has probably led to a diminution in the 
contour of the mouth. 

The cranium as a whole is remarkable for its shortness and 

♦ This character is jjreatly exaggerated in C. glohuloaust judging hj^ the specimen 
in the (Torernmont Museum, Madras. Boddard (1) has recorded a similar condition , 
still more pronounced in Breviceps V€rruoo$it9, an Ethiopian Engystomatid. 

t The presence of this mhldle arm is also doubtful, as the attachment with the 
pro^otic is by means of a ligament which may, however, be taken to represent this 
arm. 
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Text-figure 4 (A, B, C, D, and E). 


A. A dorsal view of the skull of Cacopn$ Byttoma, The vestigial condition of the 
squamosal (Sq.) is remarkable. L., ligament connecting the latter with the 
pro-otic. For other letters consult the key-list of abbreviations. 

B. A ventral view of the same. P., vest^rial palatine ; T.F., trigeminal slit. For 
other letters consult the previous test-fig. (A) and the key-list of abbreviations. 

C. A lateral view of the same. L-M., a straight line drawn along the suture between 

the nasals and the fronto-parietals of the cranium. A-B, the plane in which 
the proximal circumference of the skull lies. C-D, the plane in which the 
distal one of the same lies. A.H., articular knob for the lower jaw ; Fr.P., 
^nto-parietals ; Na., nasals. 

I>« A lateral view of the skull of Bana htsfadatf^la, A brief comparison of the 
OemopUB skull with this will reveal the dimrences mentioned in the text. 
L.M., the same vertical line mentioned in the previous text-fig. (C). For other 
letters consult key-list. 

35. Lower jaw of Cacopua ayatomay as seen from below. A., angulosplenial ; M., 
MeekelU cartilage; D., dentary; M.M., mentomeckelian ; C.) cartilaginous 
portion of the latter. 
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relatively greater width, this being mainly due to the spheneth- 
moid, which is extremely short, and it does not exhibit the 
prismatic shape usually seen in that of Rana, Each mento* 
meckelian of the lower jaw carries at its posterior end a carti- 
laginous triangular piece which stretches behind and is free from 
the other component parts of the same jaw* These two pieces 
are useful in so far as they provide partial attachments to the 
mh^mentalia muscle below and the geniogloaam above (text* 
fig.4B). 

The semilunar piece of cartilage in connection with the anterior 
cornua of the hyoid bone in Hemisita, described and identified 

Text-figure 5, 



I’he hyoid 8kf*U‘toii of Cacojms systoma viewed from helow. Ex.H., " extra-hyal ’ 
A.C., anterior cornu ; P.C., posterior cornu ; B., basibyal or the hyoid plate ; 
A.C.P., anterior cartilaginous process of the basihyal; P.C.P., posterior one of 
the same; A.B.B., anterior body ^process of the basihyal or the p«vximal part 
of an anterior cornu ; notch between the latter ; 8., thick cartilaginous pari 
between the proximal ends of the two posterior cornua* probably belonging to 
the latter. 


as “ the extrahyal ” by Beddard (1, p. 909), appears to be repre- 
sented also in this toad (text-fig. 5, Ex.H). A closer approxi- 
mation and fusion of the two extrahyals would complete the 
notch into a foramen corresponding to that of Hemiaus. 

In the vertebral column of this toad one finds also a few 
interesting features. The transverse processes are comparatively 
short, taking the size of the centra and the neural arches into 
consideration ; those of the third vertebra are the longest^ next 
in order follow the ninth, fourth, second, eighth, seventh, sixth, 
and the fifth ; the last three may be subequal. The spinous 
processes may be said to he absent in the first, sixth, seventh, 
eighth, and the ninth vertebiu, while in the rest it is probably 
represented by a faint median ridge. The thick transverse 
processes of the second, third, and the fourth vertebra, the thin 
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and slender ones of the fifth, sixth, seventh, and the eighth 
vertebra (those of the last three being directed conspicuously 
forward), the much dilated one of the sacrum, and the crestless 
urostyJe combine to give a chamcteristic appearance to the 
vertebral column of this toad (text-fig. 6). It may be mentioned 
that the sacral diapophyses are remarkable for their uncommonly 
well-developed ^iphysial cartilage at their free edges. 

Text-figure 6. 








A dorsal view of the bones of the vei'tebral coluuni of Cacopus 9y$toim, 

1 noticed an interesting abnormality in one specimen, namely 
the occurrence of two sacral vertebree, the posterior one being 
fused with the urostyle. This condition is found normally to 
exist in Pehhates, Pipa^ and JPi/nvenochirua (5, p. 22). 

6 . The Appendicular Skeleton, 

In the pectoral girdle the absence of the precoracoid probably 
necessitated the disappearance of the omosternum and the 
epifltemum* In the place of the sternum proper and the xiphi- 
sternum, one finds a broad, flat plate of cartilage generally calci- 
fied in the centre. This plate gives attachment to four dijfferent 
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mufides, viz., the obUquua-internuB^ the inner portion of the 
9temohifoidetiai*^$kmo<Hn^uoid^^^ and the ^^abdommia^sternaUa,* 
the last three to be described later in the section on muscles. 
This probably accounts for the unusually large size of this xiphi- 
sternal plate (text-%. 7 A). 

The “ crista medialis,” a ridge of the humerus which, accord- 
ing to Bcker (4, p. 42), occurs among the males of three Euro- 
pean species of liana as a sexual difference, is not to be found 
in the males either of E, hexadactj/la or of (7. syatoma. The 
wrist-bones of the latter show greater calcification than those of 

Text-figure 7 (A and B). 

A. 




A. The pectoral girdle of Caooput systoma, X., xiphisternum ; C., coracoid ; 
S., scapula ; S.S., auprascapula ; B., an apparently bony portion of the latter. 

B. The bones of a tnanus of Cacopns syttoma, S., a sesamoid bone situidwd in a 
tendon ; H., vestigiBl first finger. For other letters consult the key-list of 
abbreviations. 

Rana ; they also exhibit certain differences in their shape and 
in the details of their articulation with one another. In addition 
to the three bones of the proximal row mentioned by Ecker, one 
very often finds a fourth bone, which is exceedingly small, 
situated above and between the os pyramidale and the os lunatum* 
Hiis may be a sesamoid bone, as it is placed in the course of a 
tendon (text-fig, 7 B), 

In the pelvic girdle the absence of the iliac crest is remarkable 
when one finds that none of those muscles connected with the 
same crest in Rana is absent. Whether this crestless condition 
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of the ilia as well as that of the urostjle denotes a primitive 
feature, or whether it is a sign of degeneration, cannot be easily 
settled for the reason indicated above. At the free anterior end 
of each ilium there is found, attached to its outer side, a peculiar 
cartilaginous appendage. This has the shape of a plate, which, 
by folding on itself, encloses a groove into which is received the 
cartilaginous free edge of a sacral diapophysis. Thus the sacrum 
movably articulates with the ilium (text-figs. 8 & 10), In other 
words, the pelvic girdle, by means of the ilia, forms a gliding 
joint with the backbone through the sacrum. On the contrary, 
the ^cral transverse processes in Rana are immovably attached 
by tissue to the anterior ends of the ilia, and consequently no 
movement in the manner mentioned above could take place. I 
was able to observe in emaciated specimens the ilia moving 

Text-figure 8 (A and B). 

A. B. 



A. The pelvic girdle of Cacoput systoma viewed from above. I., ilium ; C.A., 
cartilaginous appendage of the latter. 

B. The same girdle seen sideways. P., pubis; I.S., ischium ; A., acetabulum. 

obliquely backward and forward during the act of burrowing, 
I should therefore suppose that this gliding joint has something 
to do with the same habit of burrowing. 

Beddard (1, p. 12), with reference to a cartilaginous plate 
unconnected with the ilium but covering the sacral diapophyses 
in ErevmpB verrucosusy remarks as follows; — “I imagine that 
this cartilage belongs to the ilium, and that it is in consequence 
related to it as the suprascapula is to the scapula. We have, in 
fact, in this frog an exaggeration of the grooving which the 
anterior end of other forms shows at its line of articulation with 
the sacral vertebra. It is, moreover, interesting to observe that 
we find in this frog a kind of foreshadowing of the relations 
which the ilia bear to the sacrum in the higher Sauropsida, 
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especially birds where the ilia are not merely attached to but 
cover the sacral vertebrse/’ In this Indian toad, however, the 
cartilaginous appendage in question not only covers the epiphysis 
of a sacral transverse process, but is also attached to an ilium. 
From the outer surface of the same appendage arises the Uw- 
himhoHs, a musde which in Raiia starte from the distal end of 
the ilium. These facts probably indicate that it really belongs 
to the latter, in which case the remarks quoted above may 
with less diffidence, applied also to the same ilio-sacral relation 
in CacopuB, 

The pubis is interesting, as it exhibits signs of ossification 

Text-figure 9 (A and B). 

A. B. 



A. A Kide view of the three bones of the |)elvic giitlle of an old adult Caeopus* It 
will be seen that the boundary of the pubis is indistinffuishable ; letters as in 
text-fig. 8 (A and Bj. 

B. A transverse section through the same pubis which suggested ossification. 
A., mass of degenerate cartilage at the symphysis: B., supposed network of 
bony tissue ; C., degenerating cartilaginous matrix ; V., probably a passage for 
a blood-vessel. 


which, if real, would be another anticipation of what occurs 
normally among the higher vertebrata. In older specimens the 
ilium and the ischium appear to gradually encroach upon it till, 
at last, in very old ones, it becomes indistinguishable from either 
of them, both in itsareaand in it8appearanc6(text-fig.9AandB). 
This suggests that, while there may be an ossification of the same, 
it has no separate centre, and thab the process of substitution 
progresses from the adjacent boundaries of the ilium and the 
ischium. Sections through such a pubis after decalcification with 
picric acid show a structure which may be interpreted as an 
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incipient stage in ossification hy substitution (text<fig. 9B). No 
cartilage cell could be seen. The Haveiman system may not be 
expect^^ as the pubis, if at all ossified, is more likely to become 
a spongy or cancellated bone. A median translucent mass (A.) 
found at the symphysis, 1 presume is a residue of the decaying 
cartilage not yet replao^. In this connection, I may mention 
that a similar phenomenon has been noticed in another toad, 
namely PdtibateB (Gadow, p. 27). 

Among the bones of the hind-limb, the femur, the “ os navi- 
culare,^' and the prehallux deserve attention. There is, on the 
ventral side of the femur, a distinct crest stretching from the 
middle to the anterior end, stopping short of the head of the 
same. It is from this femoral crest ” that the vastus intern us 


Text-figure 10. 



A donal view of the ilio-sacral joint and a few muscles coiinacted with the same. 

For lettering consult the key-list of abbreviations. 

muscle arises. To this crest is also attached a considerable 
number of fibres of the (Mmiov longue^ adductor hrevia, and the 
pectineus (text-iig. 19 B and C). 

The os naviculare in the tarsus of this toad is a circular disc, 
convex in front and concave behind, and articulating exclusively 
with the astragalus. In front it is bound by tissue, and articu- 
lates as well with a certain piece of highly calcified cartilage 
which, as will be seen presently, is homologous with the pivfiiallux 
of Though the tarsal bone in question has become so 

closely associated with the preballux as to look like one of the 
component pieces of the latter, yet its identity could be recog- 
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nised with certainty by its connection with the muscle addibctoT 
hngm digUi i (Eoker, p. 109 ; k text-fig. 11 A). 

On the plantar surface of the foot in several forms of the Anura^ 

Text-figure 11 (A, B, and C). 



A. The bones of a pes of Caeopm tyitoma, P.H., prehallux ; O.N., os naviculare ; 
A., astragalus ; C., oalcaneum ; O.C.| os cuboideum, 

B. A side view of a pes of Cacopu$t showing the relation of the tuuscle abductor 
halluoit A. to the prehallux P.H. P., plantarU ; flexor digitorum ; III, 
IV, and V, longuo ; S., skin cut and deflected upward. 

C. The skin (Sk.) on the plantar surface of tlie same, cut and deflected sideways 
in order to expose the muscles connected with the tubercles in question. G. 
gasfrocuemiu*, showing its relation to the ** os sesamoide *' (o.s.) or the outer 
metatarsal tubercle ; P., plantaris inserted b3* means of a fascia on to the 
prehallux (P.H.) or the inner metatarsal tubercle. 

particularly in thoee with a fossorial habit, has been observed a 
certain prominent tubercle of a horny consistency. It would 
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appear that till now this has been generally regarded as a 
cutaneous structure, rendered hard and horny in consequence 
of the nature of its function which is the scoc^ing-out of the 
soil in suitable localities. This Indian toad has two such con- 
spicuous tubercles, called by Boulenger (8) the “ inner metatarsal 
tubercle’^ and the outer metatarsal tubercle.” On maceration, 
it was found that not only these were not purely cutaneous 
developments, but also that they had their counterparts in Rana. 

It is a well-known fact that the Anura possess, in addition 
to the five toes normally present, an extra vestigial digit — ^the 
prehallux. Among the Indian frogs 1 examined, this digit con- 
sisted of four cartilaginous pieces in Rana hexcdcLCtyla^ of two 
pieces in Rwaa tigrina^ and of a single piece in Rana bremceps 
and Cacopua iystoma. The first-mentioned frog is entirely aquatic 
in habit, and its prehallux forms a slight projection covered with 
ordinary skin, while in the three last-mentioned ones, which are 
burrowing forms, the same prehallux is converted into a con- 
spicuous shovel-shaped organ enclosed in a hard and horny dermal 
sheath (text-figs. 11 A <& 12 A, B, and C). The so-called inner 
metatarsal tubercle ” of C. aystorna' is therefore none other than 
the distal piece of the vestigial toe of Rana which has acquired 
a large size and a shape suitable for its function in this toad. 
That this is so was confirmed by an examination of its connection 
with a muscle, viz. the abductor Kalhwia^ which is inserted on to 
the preballux — a muscular relation identical with what obtains 
in Rana (Ecker, p. 109). 

In tlie two terrestrial species, of Rmm just mentioned, one 
finds a gradual reduction in the number of pieces constituting 
the prehallux, assuming the condition in R, kexadactyla to be 
the normal one. Simultaneously with this reduction, it would 
appear that in these forms there has been an increase in the size 
and a change in the shape of the distal piece of the prehallux. 
This reduction, however, may be regarded as advantageous, for 
the fewer the number of joints in an organ employed for digging, 
the greater will be its efficiency. Thus we find in G, aystonia a 
single large piece constituting the prehall ux^. 

It may be required why I homologise the single element of 
the preballux of Gacopus with the distal piece and not with the 
proximal one in that of Rana, As the latter piece is in contact 
with the os naviculare, just as that of the prehallux of Gacopias 
is, one may be inclined to the alternative opinion mentioned. 
But a careful reference to the text-fig. 12 A, B, and C will show 
that my view is the more probable one ; for it will be seen that 
while in Rana tigrina the distal piece numbered 4 undoubtedly 
corresponds to the same piece 4 either in Rana hreviceps or in 
Gacopus systoniay in the latter two species the proximal piece 1 
of the former has disappeared. According to the alternative 
view, one will have to say that the distal piece 4 of Rana tigrina 

* I ventui^ to suggest that the eo-called apadeof the ** Spade-footed Toad” or 
TMaUa of Europe ie also the preliallux modified. 
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has disappeared in R<ma hr^vioeps and C<icopu8^ and the proximal 
piece 1 has acquired a shape similar to piece 4 : this explanation 
appears more ingenious iJian natural. FuHher, in accordance 

Text-figure 12 {A, B, and C). 



A. The bonee of a pes of JRana htxadactjfla» Iiettering same as in A of text-fig:. 

11. It will be noticed that the ptehallux oonaiats of four pieces. 

B« The same of Mana tigrina. The prehallux is made op of only two piecesi 
vie. 4 and 1; 2 and 8 have probably disappeared. One may alternatively 
assume that 8 and 4 of JB. \txadaetgla have been omitted, and that 4 in 
J2. Hgrina oorresponds to 8 in the latter. Letterins same as in text-fig. 11 A. 

C« The same of Mana bravieapa. The prehallux is composed of hot a tingle piece, 
like that of Cktcopm, Lettering same as in text-fig. 11 A. 

with the function of the prehallux in these frogs, ifc will be a 
distal piece which will come into direct play, and it will con- 
sequently lend itself to an adaptation in shape and size. 
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In this toad a further specialisation of the digit in question 
seems to have been brought about in its relation to the tarsus. 
It fs firmly attached to the os naviculare, as has been already 
described in connection with the latter, and through the inter- 
vention of the same it articulates exclusively with the astragalus. 
This articulation, 1 should think, in combination witii the action 
of the muscles attached to it and to the tarsal bone mentioned, 
bestows a considerable advantage in the act of burrowing (text- 
fig. 1 1 B and C). In R, tigrina and R. breviceps the specialisation 
has not been carried to that extent ; the same indirect articula- 
tion of the prehallux with the astragalus is only partial, as the 
first digit still continues to articulate with the latter indirectly 
through the os naviculare ; further, the prehallux and the tarsal 
bone connected with it are, in these frogs, much less calcified, 
and consequently they are less rigid and hard. Again, the 
plaixlaria muscle, which has no relation with the prehallux in 
RanUf has a connection with the same in this toad, in that it is 
indirectly inserted on to the latter by means of a fascia (text- 
fig. IIC). 

It is exceedingly interesting to find the digit, which is generally 
believed to be a vanishing structure in the Anura, re-asserting 
itself under suitable conditions and becoming an organ of no 
mean importance to its possessor. This specialisation of the 
prehallux among the species of two different families, viz. the 
Engystomatidro and the Ranidec, may be regarded as a case of 
convergence. 

The outer metatarsal tubercle” of this toad, though smaller 
than the inner one, consists likewise of a single cartilaginous 
piece covered with a horny dermal layer. I identify this as 
the “ os sesamoid e ” (Ecker, p. 106) of which is a carti- 
laginous element situafed on the plantar side of the joint 

between the calcaneum and the fourth metatarsal bone. In this 
latter position exactly I found the cartilage of the outer meta- 
tarsal tubercle ” situated in C, systoma^ so that this also is no 

new structure developed by this toad, but is only a specialised 

and an exaggerated one of what is normally present in Rana. 
Nevertheless, it would seem that a remarkable specialisation had 
been brought about in its alliance with no less an important 
muscle than the gastrocnemius. To this “ os sesamoide ” is exclu- 
sively inserted the narrow, attenuated yet strong band of the 
aponeurosis plantaris. This implies that an important calf muscle 
is concerned in the working of the ‘‘outer metatarsal tubercle” 
(text-fig. 1 1 C), 

7. The Musculature^ 

The m\iscles of the hyoid apparatus and of the floor of the 
mouth are characterised by a great specialisation in this toad, 
a remarkable fact observed also by Jfeddard (1) in three other 
members of the same family. However, in the details of the 
specialisation, excepting perhaps in the ster'itohyoideus^ one does 
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not'find any features which could be distinguished as common to 
Cacopue and to those described by the authority mentioned. 

We will follow Beddard in calling the posterior portion of the 
suh-maxilla/nB the mh-hyoideua^ and in restricting the original 
name to the anterior portion of the same muscle. Now this 
“ 8uh-hyoideu8 ” is much larger than the eub-^mascillarU — ^tbe 

Text-figure 1 3. 



Certain muscles on the ventral surface of the tnink aitd head of Cacopus itj^atoma 
have been exposed. T., an in$cripH<htendina of the inner division ofthereo^iw- 
ahdominU't C.F., ventral extension of the “ cervical fat-body ** ; 1., the spot 
where the outer division of the reotua-ahdomimi^ and that of the portUh 
ahdomi%i$ are attached to the skin; P.S., pectoral septum; S.M., aa6- 
ftmxiUariai S.H., auh^hyoideua. For other letters see key-list of abbreviations. 

reverse of what obtains in Rana (text fig. 13). The proportion 
which the former muscle assumes in the male is in conformity 
with the differentiation of a median vocal sac. It is a posterior 
portion of this muscle which ^ along with the skin in this region, 
becomes enormously expanded to form a large spherical resonator 
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during the time of croaking (text-fig. 14). When at rest, this 
part of the muscle is withdrawn and stowed away in a con- 
spicuous double fold above the anteiior portion of the same 
muscle. 

On removing the mb-maanllaris and the mh’-hyoiieuB several 
inner muscles of the floor of the mouth come into view (text- 
fig. 15). It is seen that the transverse fibres of the sub-men- 
talia (S.M.) pass from the inner border of one mentomeckelian 
to that of the other, thus having apparently* no connection 
with the dentary. It is also seen that a greater part of the 
same muscle is connected with the cartilaginous piece borne by 
each mentomeckelian, which has been already described in the 
section on the axial skeleton. Of greater interest is the genio- 
hyoideua muscle, whose origin and insertion are very different 
from what obtains in Roma, The outer portion of this muscle 

Text-figure 14. 



A male Cacopvs with the vocal sac in action ; draw'D from life ; half natural size. , 
The enomous distension of the vocal sac is remarkable; under natuml 

' surroundings it looked more like a float than a resonator. 

arises from the angulosplenial and passes on the outer side of 
the mentomeckelian cartilaginous piece and that of the atemo^ 
hyoideua muscles to be inserted on to the posterior cornu (text- 
figs, 15 k 16 A). Though it is widely separated from the inner 
division, it is connected with the latter by some of its fibres, 
which diverge from its body at about the place of origin and 
become confluent with the same inner portion, so that on the 
right side of the toad this outer portion and that part of the 
corresponding inner division lying in the pre-hyoid part of 
the floor of the mouth have together the shape of the letter N. It 
will be noticed that a few of the connecting fibres are intercepted 

e It looks as though the cartilaginous part of the mentomeckelian has insinuated 
itself across the fibres of this muscle ; for one finds between the outer side of this 
same pert of the lower jaw several muscular fibres which X presume bdong to the 
$uh»mentaU$ (text-fig. 16, F.M.). 
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by the oartilaginous portion of the mentomeckelian (text^fig* 16 A). 
The inner divisions of the two g$nioh/yoidm8 muscles are still 
further remarkable^ for, in the region of the basi-hyal, they fuse ^ 
to form an extensive median sheet of muscle with two posterior 
ofiOihoQts, each of which, spreading on a posterior cornu, entirely 
conceals the hyogloesua muscle in the usual position of the toad 


Text-figure 15. 



A view of certain superficial muscles of the hyoid and deep-lying ones of the floor 
of the mouth. The lower jaw has been divaricated; the Buh-mawillaris 
and the ” iuh^hyoid9u$ ” have been removed ; a right half of the riphistemum 
has been cut away in order to expose at their origins the inner portion of the 
$temohyoideua (6X. 1.) and the ** ahd<mim$^emali9 ** (A.S.)« E. A., oontinua 
tion of the ** inner division of the r^ctuM^ahdowdnU ” as the outer portion of 
the sternohyoideus ST. ; IJt and 1.4, third and fourth imeHptiihiwidina of 
E.A.' respectively ; F.M., certain muscle-flbres between the lower jaw and the 
cartilaginous part of a mentomechelian. For other letters consult the key-list 
of abbreviations. 

during dissection. The insertion of the former, in consequence 
of its extensiveness, is extraordinary ; for it consists of a peri- 
met^ of the inner lateral edges of ^e two posterior cornua and 
the hind border of the basi-hyal enclosed between these two 
oomua, thus forming a parabolic curve <text-fig. 16 B, O/')* 

The single portion the s<snic%otefsus ” (or the 

s A eonditkm stmilsr to this hsa been dhsorvod Bsddard (1) In Srmriatpit 
Proo. Zool, Soo.-~1922, No. XXXVIII. 38 
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sternoliyoidetts proper) has differentiated into two separate 
muscles in this toad, one lying above the other. This dififeren-^ 
tiation starts at the fourth and the last inscriptio-tendina of the 
rectua-abdominiB. A similar division of this muscle has been 
observed in Brevicepa and Hamiam by Beddard (1), What corre- 
sponds to the inner (median ?) portion of the same muscle 
is a strip which arises entirely from the xiphisternal plate (text- 
figs. 15, ST, I., & 16). Kow, these three divisions of the aterno- 
hyoidetbs are separately inserted on to the body of the hyoid, 
one behind the other and in close succession ; none of the fibres, 
however, is attached either to the posterior cartilaginous process 
of the same hyoid plate or to the posterior cornu. 

On removing the hyoid portion of the inner geniogloaaua 
muscles, the hyogloaaua pair comes into view which, in turn, 
conceals another muscle in the ordinary position of dissection. 
The thick, coarse fibres in the interior of the azygous portion of 
the hyogloaaua are either sinuous or twisted like a corkscrew. 
As this muscle is the retractor of the tongue, this condition, at 
rest, of the fibres mentioned suggests that they are capable of 
being stretched to a greater extent than usual so as to permit 
the tongue to reach a comparatively longer distance. In Rana 
the paired portion of the same hyogloaaua is the innermost 
muscle in contact with the lower surface of the posterior cornua ; 
but, in this toad, there intervenes a new pair of muscles between 
the two, which arises from the distal quarter of the latter, and 
is inserted to a strong fascia spreading in the space enclosed by 
the proximal parts of the anterior cornua and the anterior 
margin of the basi-hyal (text-fig. 1 6 C, O.H.). Among the muscles 
connected with the hyoid skeleton, there are several which are 
solely attached to the posterior cornua on the one side and to 
the bones of the skull and of the pectoral girdle on the other. 
Now, it is likely that this new muscle, which we may term the 
cornuoideua-posterior^ counteracts a probably too powerful pull 
of these muscles in question on the same cornua by binding the 
latter with the basi-hyal plate. One finds another new pair of 
muscles, not recorded in Rana, arising from the xiphisternum 
and running forward beneath the auricle to be attached to the 
posterior cornu (text-fig. 16 A,S,C.); this may be called the 
sterno-^ornuoidaua in accordance with its origin and insertion. 
The petrohyoideus muscles are distinguished by their robust 
development and by their numerous insertions. The petro- 
hyoideua-anterior arises from the pro-otic by means of a single 
tendon, and spreads over the outer surface of the pharynx, to 
whose wall all its fibres are more or less adherent (text-fig. 16 A, 
S, C, and B). According to the several insertions of this muscle, 
one may recognise the following divisions: (1) a band, P.A. 1, 
insezted on to the fascia in relation with the proximal parts of 
the anterior Cornua ; (2) another anterior portion, P.A. 2, attached 
to the root of the same cornua; (3) a small narrow division, 
P.A. 3, attached to the lower surface of the basi-hyal,* and (4) a 



AVAWHY OF OAOOP08 8TBT01IA. 


549 


Text-figvire 16 (A, B, C, B, and E). 



A. The deep muscles of the hyoid and of the floor of the mouth. The «h6- 
tMntalit has been taken away. The iUrn 0 ^hjfoid 0 u 8 musoles on tlie right aide 
have been eevered at their origins and deflected while those on the left have 
been removed. O.Q., an outer diviaion of the geniohmdeus; I.G., an inner 
one of the same; ^.G^, a fuseil median portion of I.G.; l.G.'', a posterior 
offshoot of I.G.^ concealing a hyoglossus below ; S.C., $temtheorHMoideu $ ; S.C.\ 
out end of the same. For otlier letters consult the key-list of abbreviations. 

B. The deep muscles of the hyoid continued } the 09i^iohyoide%$ muscles have been 
removea excepting those fibres of LG.' and I.G." at their insertion (G.") which, 
as will be seen, is a parabolic curve. ST.l and ST.9, the two divisions of the 

outer portion of the $ternohyoii«%$ ** or the “ 9t$mohyoideu9 proper.” P. A.1, 
an anterior division of the petrohyoid$tt$i O.G.\cut end of the outer pea^- 
kyoideu* } ST,', cut ends of the tUrMhjfoiiim musdei ; 9., fascia ; H., hye- 
Other letters as in A. 

O. The same muscles continued. The kyogUttm in the region of the basihyal has 
been cut aw^. O.H., ” ; E'., out end of the asyoous 

Ayoplosnts; P.A., ^^trohyoiAtui-mttrior i P.Ai, an anterior division of the 
latter. The remaining letters as in the other fignres Of this text-flgnre. 


B. The Hune muscles continued. The ** comtioidetit-jMffeHer ** has been removed. 
P,A.a, PJu8, and PX4, the several bundles into whiidi the peSroAyold^- 
(mSiHfOf separates itself before its insertion ,* P.P., 
for other leU<«ft consult the key-^list of abhieviaiioni* 

B. Certain muscles of the to^e viewed from below. The median and asygons 
of (CKG.) has been cot in the middle in mder to 

Sie mnsole G.G. , wbicb corresponds to the outer portion of the gmkgki 
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posterior thick division, P,A. 4, inserted on to the upper surface 
of the same plate. As regards the petrohymdeus-poaterior (P.P.), 
while a small part of it mings to the cartilaginous free end of a 
posterior oomu, the bulk of the fibres pass above the latter and 
are inserted to the pharynx, a few fibres reaching also to the 
larynx. I could not find any trace of the omo-hf/oid muscle, a 
negative feature observed also in Breviceps and Hemisus. 

Of the muscles of the tongue, it may be noted that the relative 
position of the two divisions of the genioglosma has undergone 
an alteration. The one corresponding to the outer part in Rmta 
lies above the other corresponding to the median part of this^ 
muscle. Further, the former has shifted its insertion from the 
mucous membi’ane of the floor of the mouth to the body of the* 
tongue (text-fig. 16 E). 

Text-figure 17. 



View of certain muscles of the chest. On the right side the portio-stemalu 
interior and the portio-ahdommis have been removed. S.R., stemo^radiatu ; 
P.S., po7^(h$capnlaris or the vestigial deUoideusx P.S.A., portio^itemalis^ 
ant^Hor ; P.S.A^, cut end of the same on the right ; C.H., ecraeo-humeralis ; 
PA^, outer division of the portio^abdominit ; P.A.'^, an inner division of the 
same muscle; X., xiphisternum. 

It seems to me that the specialisation described above of the 
muscles of the hpid and of the floor of the mouth is in some 
way conneeted with a more efficient method of obtaining food. 

The muscles of the chest as a whole, with the exception 
of the p(w*tw--8(emalis--anierior and the partio-abdominU, exhibit 
a feeble development (text-figs. 13 & 17). This, in my opinion, 
is xnainly due to the disappearance of the pre-coracoid, the 
omostemum, and the epistemum. For instance! the ^temo- 
radudw, which arises in Sana from the three elements of the 
pectoral girdle mentioned« has its origin shifted to the inner 
ventral border of the comooid, wfaidi is less extensive; eonse- 
quentiy this rnnsele is vestigial*. Again, the ddhidmu exhibits 
a degeneration in the absence of one of its two divisions, 

* In tlih cmmeetion it map h» nornttioned tint 'ddi is sbmt im 

JBrmik9p$Qi, 
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vh. the pars'-datfieularU. It would also appear that aa the 
functions of these two muscles of the chest have become reduced 
to a minimum in this toad, a large size and an extensive origin 
for the same have been rendered unnecessary. According to 
Edker ( 4 ), in Mcma the gUrnO’^^adudU is a |x>werful dexor of the 
f ore*arm, and the delioid&u$ draws the same limb forwards. These 
movements, though essential to a good swimmer, are in all 
probability of only a limited use to a terrestrial frog. Thus it 
becomes difficult to say whether the vestigial condition of the 
•chest^muscles led to the disappeaiance of certain of the elements 
of the pectoral girdle, or the latter condition necessitated the 


Text-figure 18 . 



A ventral view of the trunk and a thigh with the skin out open in order to show 
the relation of certain muscles with the akin. I., several fibres of the reotm^ 
ifUemui>min<>r (R.1'.) arising from the skin (SK.) on the lower surface of a thigh ; 
A., the region df the skin from which the outer division of the pcrtio^hdwitiHis 
starts and to which that of the reetuB^ahdominU is inserted ; S., sartorius ; 
K.I., r0etut‘iniemu$^m(nf'or; V.L, 9a9tu§»int$mv$, 

former. It is more probable that the two degenerative processes 
might have proceeded concomitantly. 

On the contrary, one finds that the portio-iternalia-anierior 
and the portio-abdominis muscles have attained a great develop- 
ment, and the outer division of the latter has become partially 
converted into a cutaneous muscle (text-fig. 18 ). The attach- 
ment to the skin has, I should thinly given additional purchase 
to this muscle in pulling the front limb backwards and towards 
the body, as happens while burrowing* These two chest-musdes 
stre probably put to a greater use in this toad at the expense of 
the ^ierno-radiaiis and the deUoidette, 
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Text-figure 19 (A, B, and C)* 

A 



A. Certain mutolei on the lower surface of a thigh. C.A., eapui^emHoum of the 
Hmi^0ndino$u$ i A.L., adduetorAonffus ; A.M.> add^tor^maffnvn A.M*., a 
hind portion of the same. Other letters as in texUfig* 18 . 

B« Moat of the muscles on the lower part of the thigh have been removed in order 
to show a few deep ones. A.L., addvcfar-htt^s ; T?*, pwHMv§} A.B.> 
addue^-lfrevU ; F., a crest of the femur; LS., iliac symphjsit; P.S., pubic 
symphysis* 

C. A view of the mitu$^intemu$ (V.I.) showing the details of its origin. C.# 
oapsnle of the hip joint ; F*, a crest of the femur; T.S., a* band of tendinous 
strips starting from a strong tendon (T.). 
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The reiMi-tdfdominU muscle of the trunk is remarkable for 
having shifted its origin hadtward from the pubes to the ischia ^ 
its outer portion is^ along the greater part of its lengthy adherent 
to the skin below. This is significant when viewed along with 
the absence of the (nUaneua-fieetoria in this toad« At the third 
insoriptid-tendina of each reotua-ahdominia one finds a smsll tri- 
angular portion^ separated off from its main body^ passing forward 
and attached to the upper side of the xiphist^al plate (text- 
fig. 15^ A.S«). This muscle, which we may call ahdomma 
aUmtalia^** should be regarded as a differentiated part of the inner 
portion ^ the recttta^bdominiBt for in Eana some of the fibres of 
the latter in the same situation are attached to the xiphistemum. 
.While the rectua-iMominia muscles are generally thin and 
attenuated, the ohliquua muscles are better developed and are 
thrown into transverse puckers, and bulge out prominently on 
the sides on account of the pressure of the enormously developed 
viscera* 

Among the muscles of the thigh, the ret^m-femoria^amMcm is 
absent, the tricepa-femoriSf composed of three divisions in Sana^ 
is made up of only two, and the origin of the ifwtvA^intemua is 
somewhat different. Though most of the anterior fibres of the 
last arise from the capsule of the hip-joint, the rest of them arise 
from a long tendon given off by the same capsule (text-fig. 190, T.)* 
Further, this tendon is adpressed to the shaft of the femur by 
tendinous slips which spring from it laterally* Oh one side (rf 
the tendon, namely the inner lower side, these slips are so closely 
set as to form a band (T.S.)« As regards the reotits^irUemua- 
minor^ one finds that, on its lower side, a considerable number 
of fibres take origin on the skin of the thigh (text-figs* 
18 <fe 19A)< This partially cutaneous origin of the muscle 
recalls a similar condition in the frogs describe by Beddard (1)* 
The aemi-tendinosus is inserted by a narrow tendon which spreads 
in a triangular form over the anterior bead of the tibio-fibula, 
in this respect differing from that of Mcma^ where the tendon in 
question unites with that of the aartoritia to form an aponeurotic 
arch. The addxbcior-longvs, the pectimua^ and the addwAw- 
hrema may be considered as forming a single muscle, for they are 
not distinctly delimited from one another. The greater portion 
of this huge muscle is hidden from view by the aartori^a and the 
addv>ctor-7nagftu8y and where it is inserted on to the shaft of 
the femur its fibres along the middle are firmly attached to a 
crest of the femur already mentioned (text-fig. 19 B). 

8. Summary*, 

(1) In the pharynx a new structure is situated to which the 
status of an organ may be given, and it has been accordingly 
named the pharyngeal organ of Cacopua ayatmva'^ 

(2) Sub-cutaneous as well as sub^peritoneal fat-bodies are 
normally present in this toad ; while the former are developed 
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in relation to the lymphatic septa, the latter are probably 
deposited in connection with the peritoneal membrane. Their 
function, as has been ascertained, is to assist in the general 
metabolism of the body during SBstivation. 

* (3) The stoutness of this toad is, in the first instance, due to 
the enormously developed viscera. This condition is improved 
upon by the inclusion of a part of the thigh into the contour of 
the trtmk and by the enlarged sub-cutaneous lymph-sinoses. 

(4) In the skeleton the vestigial state of several of the bones 
of the head is remarkable. This and the consequent engysto* 
matous mouth are, in my opinion, related in some unknown 
manner to the nature of the diet, which consists almost entirely 
of termites*, winged or wingless according to the season. 
Witness, in this connectioD, the similar effect produced by a 
similar diet on the Myrmecophagidce among Mammals. 

(6) It is noteworthy that the pre-hallux of jRarut, usually 
regarded as a degenerate digit, has in this toad become an organ 
with a definite function, viz. the so-called ** inner metata^l 
tubercle.” 

(6) While certain muscles, for example the atenio-radiidU and 
the dekoidem, show a remarkable degeneration, other muscles, 
for instance the muscles of the hyoid and of the floor of the 
mouth, exhibit an equally remarkable specialisation. The 
muscles examined also show important differences in their rela- 
tive dimensions, origins, and insertions. Certain new muscles 
are present which have been already described, while three 
muscles are absent, viz. the ctUrnieua-peotoriaf omo^hyoid^ and the 
Teci(U8-femari8-antici(>8, Again, certain non-cutaneous muscles of 
JSma have acquired a partial connection with the skin, for 
example, the reciua'-inUrnua and the portio-ahdmninis, A^ssuming 
the muscular anatomy of Rana to be typical of the Anura, one 
may trace the differences in the musculatui^ of this toad to two 
facton^, viz. the fossorial habit and the nature of its food. This 
creature passes the greater part of its life underground, seeking 
water only for breeding purposes. This implies that, while the 
same muscles called into frequent activity in an aquatic frog 
may suffer by the want of regular use, other muscles of a direct 
utility in burrowing are likely to be improved anti exaggerated. 
At the same time, the curiously specialised muscles of the hyoid 
and of the floor ot the mouth probably indicate a more efficient 
method of capturing insects. 

(7) Beddard ^1) mentions three characters which may be 
common to the Engystomatidsa : these are (1) the partially cuta- 
neous origin of the recius^inte^'nuB-minor, the specialisation of 
the muscles of the floor of the mouth, and the division of the 
outer portion of the sternohyoideuaJ^ One may say that in 

^ Although it is true that insects form the chief food of frogs in general, yet a 
liberal diet of termites alone appears to produce the peculiar effect on the consti- 
tution which we have indicated. 
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tiiesa wpeots Cmopui also a^rses with tho throe genera 

described by him. Nevertheless^ in the details of the second 
feature mentioned there is hardly any striking resemblance, 1 
ehould add that the omo^hyoid muscle is generally absent among 
the same family, as it has not been found either in this toad Or 
in £revkqi)s and 


9« Keydiat of certain of the AhhreviationB mosdy v/neoe^ained 
in the Mj^nationa to Teat-Figtme, 


A,C,— Anterior eomn. 

A.H.*-^Artieiilar head for the lower jew. 
^.P.— A oartilaginons part of the 
mentomeckelian. 

C.6.--<7artilagitiotte eptphyeie of the 
saemm. 

CJ. — CoeoygeoMtatmi, 

Ex.O. — Ex-occipital. 
Pr.P.-^Pronto-parietal. 

I.G. — Inner division of a genio-hyoideu$» 
IXtr-^IHo-lumharii, 

I 4 .D. — L(mgi9$imui^dor8i» 

M.—Maxilfa. 

1d.M. — ^Mentotneckelian. 

Na.-Naaal. 

O.C. — Occipital condyle. 

O.C.H.— ** Oe-capitato-hamatum.” 
OJ&.^Obliquut-0Ttemu», 

0.0. — Outer division of a genio^ 
hgoideus. 

O.I. — Ohliguu9^inttimus, 

O.L.-““ Os lunatum.** 

O.N. — **08 naviculare ** of a menus. 
O.P,— ** Os pyramidale.** 

O.T,— ** Of trapezium.’* 

O.Ts, — “ Os trapezoides,** 

Pr.— Pterygoid. 


P.A.*— PefroAyofdeiw-efifeHor. 

P.A/— Inner division of a porHo* 
ahdomi»i$» 

P.A.” — Outer division of the same. 

P.M. — Premaxilla. 

P. P. — Pstr(ihgoid0U$^pa$t0ri4)r, 

Pro.O. — ^Pro-otic. 

PJS. — Paraaphenoid. 

Q. — ‘Quadrato-iuj^al. 

B. A.'— Inner division of a r$ctu$^ahdo^ 

R. A.” — Outer division of the same. 
6Q.-~Squamo8al. 

ST. — ** Outer portion of the ttsruo^ 
hyoid 0 U 0 ** or the ttemo* 
hyoideuM proper. 

ST. 1 and ST.S.—Two divisions of the 
same. 

ST. I, — An inner portion of the $Umo^ 
hyoideui, 

S. H.— «Sub.hyoideu8.*' 

8.M. — Sub-maxillaris. 

S. M.'—Sub-inentalis. 

T. — ^Tongue. 

T. '— Terminal epiphysis of the urostyle. 
V. — Vomer. 

X. — Xiphisternal plate. 
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284 A Beview of the Cetacea of the Now Zealand Seas. — I. 
By W. R. B. Oliver, F.L.S., F.Z.S., Dominion Mnsonm, 
, Wellington, N.Z; 

[Received May 18, 1002 : Bead Jane 18^ 1022.] 

(Plates I,-IV •) 

Except the popular accounts by Waite, and by Hutton and 
Drummond, no general list of the New Zealand Cetacea has been 
published since Hectors paper on the DelphinidsB in 1867* 
Having a number of notes made on various occasions to put on 
record, I take the opportunity of reviewing the Whales and 
Dolphins of our seas. The* recorded knowledge of the group is 
very incomplete ; and, moreover, some errors are apparent. The 
'museums at Wellington and Christchurch contain a fair number of 
skeletons ; those of Dunedin and Wanganui fewer. The only repre- 
sentatives of the 'Cetacea in the Auckland Museum appear to be 
three skulls. The specimens in Christchurch and Dunedin have, in 
the main, been recorded, but in Wellington and Wanganui there 
are some skeletons of considerable interest which have not hitherto 
been described. These are mentioned in the present paper. 
Besides cataloguing the specimens in the principal museums in 
New Zealand, I have included those specimens from New' Zealand 
that I have been able to trace in the museums of Australia, 
America, and Europe. Many of these I have examined. The 
short descriptions given with the lists refer mainly to variable 
characters ; and, where 1 myself have not examined the specimen, 
the author from whom I have quoted is given. An attempt has 
also been made to give the generic and specific names in 
accordance with the International Rules of Zoological Nomen- 
clature. The literature on the Cetacea is very extensive, but 
some of it has to be used with caution. This applies to many of 
the writings of Dr. J. E. Gray, who unfortunately gave new 
names on quite insufficient grounds, sometimes founding genera 
and species on drawings and photographs he appeared not to 
understand. 1 have quoted only the principal references, 
including those where new names are proposed or where there 
are descriptions based on specimens* 

I cannot claim to ^ve added a single species to the list of 
New Zealand cetaceans; on the contrary, I have omitted two, 
Ddphinapierua leums and ffyperoodon pisinifirons^ and hope that 
the evidence that neither belongs to «ur fauna will be accepted. 

It will appear from the following account that there is much to 
be learned about the distribution and habits of the cetaceans of 
our seas ; moreover, collection of perfect alfeletons and descriptions 
of the external cba^ctei*e of tho.antiipe'hf is much to be desired. 
In some cases the spee^ are only know £rom .ii&ulls or skeletons. 

* For exptoatioii of ^ie 185. 
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It is hoped, therefore, that the present paper will be found useful 
in bringing together what is known on the subject, so that the 
gaps in our nowledge maj be filled up. A great deal of 
information could be gained if, when a whale or dolphin is 
stranded, a description and, if possible, a photograph were sent 
to the nearest museum. By this means the animal might be 
correctly identified, and if belonging to a rare species, steps might 
be taken to preserve the skeleton. 

For supplying lists of specimens in the institutions under their 
'Charge, I have to thank the Director, British Museum (Natural 
History), London, the Secretary, United States National Museum, 
Washington, D.O., and the Director, Museum dHistoire Naturelle, 
Paris. 

Baljsna. 

Balama Linne, 1768, Syst. Nat. ed. 10, p. 75 ; type, B. mysticetus 
L. Eubalasrui Gray, 1864, Proc. Zool. Soc. 1864, p. 201 ; type, 
Balcena australie Desmoulins. Caperea Gray, 1864 1* c. p. 202 ; 
lype, BaUma a/rUipodarum Gray. 

BALiSNA AUSTRALIS. 

BaUma austraHa Desmoulins, 1822, Diet. Class. Hist. Nat. 
-vol. ii. p. 161 (Cape of Good Hope); Waite, 1909, Subant. Is. 
N.Z. veil. ii. p. 649. BaiUma am4ipodum Gray, 1843, in Diefien- 
bach’s Travels in N.Z. vol. ii. p. 183 (New Zealand), pi. 1, 
lettered B* antipodarum, Caperea awiipodarum Gray, 1866, 
Uat. Seals k Whales Brit. Mus. p. 101 ; Proc. Zool. Soc. 1873, 
p« 143. Bakena a'lvtipada^um Gray, Dieifenbach, Travels in N.Z. 
vol, i. p. 44; Van Beneden k Gervais, 1880, Osteogr, Cet. p. 46, 
pi. 3. Evibedama auatralu Desm., Hector, 1872, Trans. N.Z. Inst, 
vol. V. p. 156; id, 1878, 1. c. vol, x. p, 333. Balama hectori Gray, 
1874, Ann. Mag. Nat, Hist. ser. 4, vol. xiii. p. 56. Madeayius 
australiensia Gray, 1873, Ann. Meg. Nat. Hist. ser. 4, vol. xi. 
p. 75; id. Proc. Zool. Soc. 1873, p. 130; id. 1874, Trans. N.Z. 
Inst. vol. vi. p. 90, pis. 16, 17. 

The Southern Right Whale, which is confined to the South 
Temperate and Subantarctic Oceans, appears to diflTer from the 
Nordcaper (B. gladalia) in the number of ribs and other osteo- 
logical features. It was formerly very abundant in the New 
Zealand seas, but has been almost exterminated by whalers. 
During the first half of last century immense numbers were killed, 
and of these usually more than half were lost (see Hocken, Proc. 
N.Z. Inst, vol, iii. p. 69, 1871), The females visited the bays to 
calve during the months of May, June, and July, and during this 
period both the cows and calves were killed. Later in the season 
the whaling-vessels cruised in the ** oflf-shore grounds.^^ Whaling- 
stations are at present established at Picton and Kaikonra, motor- 
launches being engaged for procuring the whales. Five Right 
Whales were brought into Picton in 1916-16 and one in 1917 ; 
from the Kaikoura station three were killed in 1917-18. A 
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whaling-station was formerly established at Campbell Idalnd* 
Waite states that Bight Whales are nearly always seen during 
the southern cruise of the Gorernment Teasels. 

Cook Strait — (a) Dieffenbach describes and figures (voL ii. 
pL 1) a Right Whale, stranded in Jackson’s Bay, Tory Channel, in 
1839. On this figure, Gray in the same work founded Balama 
anUpodum ; the plate, however, was lettered Balmta cmtipodarum. 
The tympanic bone later referred to this species (Gray, 1866) 
belonged to Neohuhtna margimta, Caperea was founded on 
B* antipodcerumy and the tympanic bone mentioned. (5) Tory 
Channel. Scapula in Dominion Museum. Described by (Iray as 
Bahena hectori* Acromion distinct. 

Canterbury, — (a) Skeleton in British Museum sent by von 
Haast. Described by Gray (Jf. cmstrcdieneie), Yertebm 54. 
Cervicals and first dorsal fused into one mass by their centra. 
Sternum oblong, 6|x5 in. Scapula with broad compressed 
acromion. (Gray.) (b) Akaroa Harbour. Skeleton with baleen 
in the Paris Museum. Taken by Berard and Arnoux, of the 
French corvette, ^Le Rhin.’ Described by Yan Beneden and 
Gervais, and by Hector (1878). Yertebr®; C, 7, D. 15, L. 11, 
Ca. 2 1 =: 54. Cervicals fused. Scapula with acromion represented 
only by a ridge. Phalanges : 2, 5, 6, 5, 4. Distal end of first rib 
expanded and two-headed. Sternum triangular, sinuated, sides 
convex, articular facets at front angles. (From van Beneden and 
Qervais’s description and figure.) Yan Beneden in two places 
states the total number of vertebrae to be 53, but figures for each 
portion of the vei'tebral cohimn are also given as above stated. 

Otago, — Skeleton with Imleen in the Otago Museum. Described ‘ 
by Hector (1878). Young specimen 29 feet long. Yertebrae : C, 7, 
D. 14, L. 11, Ca. 22=54. Six cervicals united by their centra. 
Caudal region imperfect. Ribs 14, Scapula with a well- 
developed narrow acromion. (Hector states that the dorsals 
number 15, and the ribs should probably be 15.) 

Neobalana. 

Neobaicma Gray, 1870, Ann. Mag. Nat, Hist, ser, 4, vol. vL. 
p. 155; type, Balama margiruUa Gray. 

Njbobaljena maboinata* (PL I.) 

Belasna marginata Gray, *1846, Zool. * Erebus* & ‘Terror,’ 
p. 48, pL 1 (West Australia). Balama antipodartm Gray, 1864, 
Proc. ZooL SoG.p. 202 (^rmpanic bone). Batama marginata Gray, 
iBLeetor, 1870, ^ns. N.Z. Inst. vol. ii. p. 26, pi. 25; id. 1870, 
Ann* Mag. Nat. Hist. ser. 4, vol. v.p. 221. Neobakma marginata 
Gray, 1870, Ann. Mag. Nat. Hist. ser. 4, vol. vi. p. 156 ; id. 1873, 
1. c. vol, xi. p. 108 ; ia. 1871, Trans. N.Z« Inst. vol. iii. p. 123 ; 
id, 1874, L e. voL vi p, 93. Hector, 1873, Trans. N.Z, Inst 
vol, V. p. 166 ; id. 1876, 1, c. yol. tu. p. 271, ph. 16, 17 ; id. 1878,, 
L 0 . vol. X, p, 33U 
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The Pigmy Right Whale has occurred a number of times on 
the New Zealand coast. Elsewhei'e it has been recorded from 
West Australia and South Australia. Bakena marginata was 
founded on three plates of baleen now in the British Museum. 
A skull from* Kawau was next recognized as belonging to the 
same species, and was described by Hector (1870, p. 26). This 
was constantly referred to by Hector and others (see Palmer, 
Index Gen. Mamm. p. 452, 1904) as tlie “ type of the species, 
but this is obviously wrong. The type of Bcdcena niargmata is 
the baleen from West Australia in the British Museum. 

Kawau, — Skull in Dominion Museum, Wellington. Described 
by Hector (1870). Hector afterwards referred to this as the type 
skull. On Hector’s description Gray separated the species from 
Baloena under the generic name Neohalvena, (PI. I. figs. 2 & 3.) 

Oharia^ Cook Strait, — Skeleton in Dominion Museum, Welling- 
ton. Vertebra©; 0. 7, D. 18, L. 2,0a. 14=41. Oervicals fused. 
Ribs 17, of which 2nd to 5th are two-headed. 

Canterbury Coast, — Skeleton in Australian Museum. Sydney. 

Stewart Island, — {a) Skeleton with baleen in British Museum. 
Described by Hector (1875, 1871). In this description the 
number of vertebree and ribs appears to be incorrectly stated. 
Compare the description by Beddard (‘ Book of Whales,’ p. 141, 
1900.) (6) Skeleton in Dominion Museum, Wellington. Skull 
symmetrical. Viewed from above, the general form is tidangular, 
broadest behind where at the angles the supraoccipital and 
squamosals meet; from here it tapeis at first gradually to the 
-edge of the orbits, then suddenly to opposite the nasals ; thence 
follows a long, tapering, pointed rostrum with slightly concave 
sides. Viewed from the side, the iipj>er contour of the skull is 
nearly straight from condyles to vertex, then depressed at a broad 
angle and slightly bowed to the tip of the rostrum. Pre> 
maxillaries narrow, of nearly uniform width, their inner edges 
meeting as an acute ridge in front, but flattening out near the 
blow-hole and twisting so that the outer edges form ridges each 
side of it. Maxillaries broad behind, suddenly contracting to 
opposite the nasals, tapering to a point anteriorly, not extending 
as far forward as the premaxillaries. The exposed lateral portions 
of the frontal form two broad quadrangular plates, overlapping 
the posterior portion of the maxillaries, and well below the level 
of the supraoccipital, slightly concave centrally, but arched over 
the orbits. A narrow strip only of the frontal exposed between 
the supraoccipital and nasals. Wide deep lateral channels 
between upper and lower horizontal expansions of the supra- 
occipital. On the palatal aspect of the skull the maxillaries form 
a sharp central ridge, between which the vomer is exposed. 
Pterygoids meeting along the middle line, fiat behind but 
anteriorly forming a ridge continuous with that of the maxillaries. 
Rami of mandible massive, compressed, angled above and below ; 
nerve foramina near the upper edge. (PI. I. fig. 1.) Vertebrae : 
C. 7, D, 18, L. 1, Oa. 14=40. Oervicals fused into a single mass 
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by their centra and neural arches. Spinous processes forming a 
high acute vertical ridge; posteriorly the sides of the neural 
arches project as laminated plates. Seven nerve foramina on each 
side. Anteriorly there is a large vertical lateral process with 
three projecting knobs in a vertical line and a fourth behind the 
upper one. The first dorsal has a forwardly-directed spinous 
process, short-ix)inted transverse processes, and l)ears no ribs. 
Transverse processes in the second dorsal angular, in the third 
and fourth wider and twisted, in the remainder very broad and 
flat, with the anterior sides projecting considerably in advance of 
the centra. Articular facets on the distal ends of the transverse 
processes of the 2nd to 10th dorsals. Spinous processes broad and 
flat, with lamellar metapophyses from the third dorsal backwards. 
Lumbar vertebras similar to last dorsal ; the transverse processes 
longer in an antero-posterior than in a transverse direction. The 
first seven caudals bea.r chevrons. Transverse processes reduced 
to ridges on the fifth, last neural canal evident on the 8th caudal, 
which is the last of the compressed form. In all the vertebra 
behind the cervicals, the epiphyses are marked by distinct sutures. 
Ribs 17, articulated to the 2nd to 18th dorsals. First single- 
headed, broad and truncate distally, 2nd to 5th double-headed, but 
the capitula not reaching the centra. Remainder single-headed, 
with very broad, flat blades, except the last two pairs, which are 
small and narrow. The last twelve ribs are set at nearly a right 
angle to the transyerse processes of the vertebrae. Scapula much 
wider than long, flat with a very slight spine ; acromion directed 
forwards, flat, moderately broad, and tapering ; coracoid short and 
narrow. Sternum shield-shaped, notched in front, one articular 
facet on each side for the first rib. 

Locality not known^ — (a) Skull of young in Auckland Museum. 
Described by Hector (1875). (6) There is a skeleton or portion of 

one in the Paris Museum sent by Mr. Trail in 1879. It probably 
came from Stewart Island. 

Bal^noptera. 

Balcenoptera Lacep^de, 1804, Hist. Nat. O^t. pp. xxxvi. 114; 
type, B. acuto-rostrata Lacep. 

To the four recent species constituting this genus, 18 generic 
names have been applied. Of these, eight were founded by Dr. J. 
E. Gray, whose prolific writings on the Cetacea resulted in more 
synonyms than valid names, and are the despair of later students. 

BALiENOPTERA MUSCULUS. 

Balmna musctdiia Linne, 1758, Syst. Nat. ed. 10, p. 76 (Scotland) 
(not Balcenoptera mueculua auct.)« Balcenoptera sibbaldii Gray, 
1847, Proc. Zool. Soc. 1847, p. 92; Waite, 1912, Rec. Cant. 
Mus. vol. i. p. 333, pis. 69-71 ; id. 1912, Guide Whales Dolph. 
N.Z. p. 10, pis. 1-3. Balcenoptera mmmlae Linn4, Waite, 1909, 
Subai^t. Js. N.Z, vol, ii. p, 550, 
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The Blue Whale, w^hich has a very wide range and is exceedingly 
abundant in the Antarctic Ocean, has only once been recorded 
with certainty on the New Zealand coast. 

Okarito» — Skeleton in the Canterbury Museum. The dead 
whale came ashore near Okarito in February 1908. Described 
by Waite. Vertebse : C. 7, D. 15, L. 14, Ca. 28=64. Cervicals 
free. Ribs 15, 2nd to 5th two-headed. Transverse processes of 
first lumbar vertebrae with articular surfaces. Sternum 56 cm. 
long, with five processes; one posterior, long; two lateral, 
triangular ; two anterior diverging, truncate. Pelvic bones about 
30 cm. in length, posteriorly bent downwards at nearly a right 
angle, each with a small detached bone about 2 cm. long above. 
Phalanges : 0, 7, 8, 8, 5, 

Coed Point, Otago » — A large whale came ashore here in 1873. 
Some plates of baleen only were preserved, and were described by 
Hutton (Trans. N.Z. Inst. vol. vii. p. 266, 1875). They probably 
belonged to this species. 

Baljenoptera physalus. 

Balcma physalus Liiin^, Syst. Nat. ed. 10, p. 75 (European 
seas) {Balcenoptera musculus auct.). Physalus australis Desm., 
Hector, 1875, Trans. N. Z. Inst. vol. vii. p. 257, pi. 18 ; id. 1878, 
1, c. vol. X. p. 336. Balmnoptera australis Desm., von Haast,. 
1883, Proc. Zool. Soc. 1883, p. 592. Bal(snopUra musculus (not 
Linne) Parker, 1885, Trans. N.Z. vol. xvii. p. 3, pi. 6. 8teno- 
halocna offanthogaster Gray, 1874, Ann. Mag. Nat. Hist. ser. 4, vol. 
xiv. p. 305 ; “ Sulphur- bottom,” Hector, 1874, Ann. Mag, Nat. 
Hist. ser. 4, vol. xiv. p. 304. 

This is the common Finner of both northern and southern seas. 
It is occasionally cast ashore on the New Zealand coast. 

Nelson. — Stranded at entrance of Waimea River, ] 883. 
Skeleton in Otago Museum. Described by Parker. Vertebrae : 
0. 7, D. 15, L 15, Ca. 25=62. Ribs 15, of which 2nd and 3rd are 
fcwb-headed, last rib less than half the length of the one in front. 
Sternum with posterior process longer than the lateral ones. 
Baleen slate-colour with white fibres. 

Cook Strait — Stranded at Port Underwood, 10th June, 1874. 
Skeleton in Dominion Museum, Wellington. Described by 
Hector. On Hector^s description Gray founded the genus and 
species Stenohalasna xanthogaster. Vertebrie: C. 7, D. 15, L. 15, 
Ca. 25ss62. Ribs 15, of which 2nd and 3rd are two-headed. 
Sternum with posterior process shorter than laterals. 

New Brighton Beach. — Stranded 1881. Skeleton described by 
Haast. Vertebrae: C. 7, D. 15, L. 15, Ca. 25=62. Pelvic bone 
13 in. long, 6 in. broad. Sternum with the posterior procesa 
shorter than the laterals. (Y on Haast.) 

Baljenoftbra borealis. 

Balatnoptmi horeaUs Lesson, 1828, Hist. Nat. Get. p« 842; 
Lillie, 1916, < Terra Nova^ Exped., Zool. vol, i. p, 117, pi. 7, 
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The Sei Whale does not appear to be common south of the 
Equator. The following are the only known occurrences of the 
species in New Zealand waters : — 

Off Bay of IdaiuU, — {a) Exterior described by Lillie. Baleen 
black, with fine greyish-white bristles. (6) A male specimen, 
14 m. long, was brought into the whaling-station at Whanga- 
mumu during my visit on the 5th December, 1911. It had 
been harpooned, the weapon passing right through the body 
and exploding in the water. Colour above slate, sides mottled, 
below silvery white ; iris dark brown ; baleen dark slate, 
upper inner angle streaked longitudinally with lighter, bristles 
white. Dorsal fin falcate. Flipper with lower edge nearly 
straight, Up|)er rounded. Plaits between the fins 60, 7 or 8 
more on each side behind the eye. Plaits begin about 25 cm. 
from the tip of flipper and anterior edge of fin. Contour 
of back nearly straight, suddenly depressed in front of flukes. 
Hairs on lower jaw in two rows; inside row with 12 on right 
side, 13 on left; outside row 1 on right, 2 on left side; total, 
28 hairs. There are some punctures behind the hairs, and others 
in front of the body-plaits. Measurements : Total length, 14 m. ; 
snout to anterior edge of dipper, 3*80 m. ; snout to anterior edge 
of dorsal fin, 9*40 m. ; height of fin, 40 cm. ; length of upper 
edge of flipper, 115 cm.; its width, 38 cm.; height of body, about 
180 cm. Baleen plates, 11*5 to 12*5 mm. apart; length of 
front plates, 8 cm., of longest 34 cm. The mouth was filled with 
small crustaceans. The colours noted above were taken shortly 
after the whale was killed, and are lighter than those usually 
recorded. Lillie makes a similar observation. 

Cook StraiL — During a heavy gale at the end of January 1922, 
the carcase of an adult female of the Soi Whale floated through 
the entrance of Porirua Harbour and stranded op[X)site Paremata. 
ft measured 53 feet in length. It had been dead some time, and 
caused a good deal of consternation among residents of the 
locality. The carcase was subsequently towed to sea and cast 
adrift. 

BALiENOPTERA ACUTOROSTRATA. 

Balasnoptera acutoroatrata Lac6p6de, 1804, Hist, Nat. C4t. vol. i. 
p. 197 ; Lillie, 1915, ‘Terra Nova' Exped., Zool. vol. i. pis. 4, 5. 
Bdlmnoptera rostrata Fabricius, von Haast, 1881, Trans. NJZ. 
Inst. vol. xiii. p. 169, pi. 3; Beiiham, 1901, Proc. Zool. Soc. 
1901, vol. i. p. 278 ; id. 1902, Trans. N.Z. Inst. vol. xxxiv. p. 161. 
Baloenoptera huttoui Gray, 1874, Ann. Mag. Nat. Hist. ser. 4, 
vol. xiii. p. 450; Hector, 1878, Traus. N.Z. Inst. vol. x. p. 337. 
Phyaalua antarcticus Gray, 1874, Ann. Mag. Nat. Hist. ser. 4, 
vol. xiii, p. 316. 

The Pike Whale, like its congeners, is widely distributed All 
the records certainly identified from New Zealand have been 
from the South Island, In addition to the following specimens, 

Proc. Zool. Soc. — 1922, No. XXXIX. 39 
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however, a young Pike Whale was recsorded as having been killed 
at Port Ahuriri, Hawke’s Bay, in 1885. Variations occur with 
regard to the verte})ral formula&. Apparently the normal number 
is C. 7, D. 11, L. 13, Ca. 17=48. 

Sumner^ Canterbury. — Stranded 7th February, 1880, Skeleton 
in Canterbury Museum. Described by von Haast. Vertebra): 
0. 7, D, U, L. 12, Ca. 18=48. Ribs 11. Sternum longer than 
broad. Pelvic bones rod-shaped, about 22 cm. long. 

MoeraJd. — 1885. Skull (incomplete) in Otago Museum. 

Otago Heads. — (a) Oct, 1873. Skeleton with baleen in British 
Museum. Described by Gray as the type of Balasnoptera 
huttoni. Measurements given by Gray (p. 451). Vei’tebwe: 
C. 7, D. 12, L. 13, Ca. 16 = 48. Ribs 11. (Gray.) {h) Young 
female cast ashore, August 1900. Exterior describe by Benham 
(1902). Larynx described by Benham (1901). Animal figured 
by Lillie. 

Locality not stated. — Skeleton in Dominion Museum, Wel- 
lington. Vertebrae: 0.7, D. 11, L. 13, Ca. 17=48. Cervicals : 
2nd and 3rd fused by neural aix)h on right side ; 4th and 5th 
separately fused by distal ends of upper lateml processes on right 
side; otherwise free. Atlas with short transverse processes; 
2nd to 5th with both upper and lower transverse processes ; 6th 
and 7th with upper transverse processes only. The 8th caudal 
bears the last spinous pi^xsess and the last complete neural canal. 
Ribs 11 . Sternum with the length about 4 mm. short of the 
breadth; posterior process long and of nearly even width. 
Scapula with long acromion widening towards the distal end ; 
coracoid thick, less than half the length of the acromion. 

Megaftera. 

Megaptera Gray, 1846, Zool. ‘Erebus’ & ‘Terror,’ Mamm. p. 16 ; 
lortyimama Rudolphi ( = 2?. nodosa Bonnaterre). 

Megaptera nodosa. 

Balcena nodosa Bonnaterre, 1789, Tabl. Encyl. M^th., Get. p. 5 
(New England, U.S.A.); Lillie, 1915, ‘Terra Nova’ Exped., 
Zool. vol. i. pp. 87-110, pis. 1~4. Megaptera novce zeala7idi(t 
Gray, 1864, Proc. Zool. Soc. 1864, p. 207 ; id. 1866, Cat. Seals 
k Whales Brit. Mus. p. 128, fig. 20; Hector, 1873, Trans. N.Z. 
Inst, vol, V. p. 156 ; id. 1875, 1. c. vol. vii. p. 255 ; Van Benedeu 
k Gervais, 1880, Ost^o^. Cet, p. 135 ; Giuy, 1874, Ann. Mag. 
Nat, Hist. ser. 4, vol. xiii. p. 57. Megaptera Icda/ndii Fischer, von 
Haast, 1883, Trans. N.Z, Inst. vol. xv. p. 214; Hector, 1878, 1. c. 
vol.x. p. 335. Megaptera hoops (not Linne) Oliver, 1911, Trans. 
NJZ. Inst. vol. Ixiii. p. 536, 

The Humpback is the most common whale frequenting the New 
Zealand seas, but no skeleton of an animal caught within this 
area has been adequately described. A satisfactory description, 
however, has been given by Lillie of the external and internal 
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features from specimens brought into the Whangamumu whaling* 
station. 

Humpback Whales regularly migrate^ spending the southern 
summer south of New Zealand and the winter in subtropical 
^eas. They appear at the Kermadec Islands in the latter part of 
August, but are most common in the group daring October and 
November. They have their calves with them at this time. They 
appear off the Bay of Islands in the latter part of September, the 
main body passing southwards during October and November. 
By the middle of December no more are to be seen here. From 
this time until April they appear to be absent from New Zealand 
waters. They are hunted in Cook Strait from May to August, 
end appear off the Bay of islands between the middle of April 
and the end of August, but are not seen at the Kermadec Islands 
until later in the year, as noted above. (Lillie ; Oliver.) 

Kermrtdec Islands, — Frequent the group in large numbers with 
their calves from middle of August to end of November. 

Chaiham Islands. — Baleen in the Canterbury Maseam. 

O^ff Cape Brett. — Regularly shot by harpoon-gun from small 
steam-vessel and brought into the Whangamiirnu whaliug-statkm. 
The yearly catch varies between 40 and 70. The exterior and 
anatomy have been well descidbed by Lillie. 

Cook Strait. — {a) Porirua Harbour. Skull in British Museum, 
Described by Hector ( 1875). (ft) Tory Channel. Two sc^ipulas 
in Dominion Museum, Wellington. Described by Giny (1874). 
(c) Common, May to August. Motor-launches are engaged in 
whaling at Picton, catching 35 to 40 Humpbacks annually. 

Kaiicoura. — (a) Skull in Dominion Museum, Wellington. 
D. 3 scril>ed by Hector (1875). (ft) A whaling-station is established 
here. Nine whales were brought in in eiich of the years 1918 
and 1919. 

Akaroa //arftoar.— Female caught 6th May, 1875. Calf also 
killed. Describc»d by von Haast (skeleton then in Canterbury 
Museum). Vertebrae: C 7, D. 13, L. 10, Ca. 21 =31. Oendcals 
free. Sternum scarcely longer than broad. (Haast.) There is 
a skeleton in tlie British Musoiim, presumably this one. 

Otago. -Right tympanic and periotic bone in British Museum. 
Described by Gray as the type of Megaptera uovcr zmlandm. 

Physeter. 

Physeter Liiine, 1758, Syst. Nat. ed. 10, p. 76 ; type, P. fnaero- 
crphalus Lmnd. 

PhYSETBR MACROCEPHALrS. 

Physeter macrocephcdiLS Linn4, 1758, Syst. Nat. ed. 10, p. 76 
(European seas); Hector, 1878, Trans. N.Z, Inst. vol. x. p. 357 ; 
Waite, 1909, Subant, Is. N.Z. p. 551. Oatodm maeroeephalas 
(L.), Hector, 1873, Trans. N.Z. Inst. r<A. v. p. 157. i^yseter 
miodmi (L.), Lillie, 1915, * Terra Nova* Exped., Zool. voL i. 

p. 118. 


39 * 
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It has been the fashion recently to use the name Physeter 
catodon for this species, its only claim being priority of place on 
the page. On the other hand, its identity appears (loubtful. 
Gray, Cope, and others applied it to the Arctic White Whale, 
whereas the identity of P. macrocephdm is clear, and the name 
has been in general use since its publication. 

The Sperm Whale is found chiefly in tropical and warm 
temperate seas, though it occurs as far soutli as the south of 
New Zealand. It does not come close inshore like the Right 
Whale and Humpback, hence it is seldom cast ashore, although, 
strange to say, when this does happen, large schools are sometimes 
involved. It has been recorded off the Chatham and Campbell 
Islands. Lower jaws are preserved in the museums at Christ- 
church and Dunedin. There is also in the British Museum the 
lower jaw of a specimen taken between Cape Howe and New 
Zealand. 

Kaipara Coast. — (a) A school of 27 8perm Wliales — males, 
females, and young — stranded in 1895. (^>) School of 25 stranded 
opposite Dargaville, March 1918. Length varied from 22 to 
45 ft. 

Cook Strait . — Head cast ashore at Waikanae (Hector, 1873). 

South of Ke\o Zealand (D^t. S. 44® 56', Long. E. 172® 53'). — 
School of 12 seen 31st March, 1912 (Lillie). 

Kogia. 

Kogia Gray, 1846, Zool. ‘ Erebus Terror,’ Mamm. p. 22; 
type, Physeter hreviceps Blainville. 

Kogia brbviceps. (PI. II. fig. 3.) 

Physeter hreinceps Blainville, 1838, Ann. d’Anat, et Phys. vol. ii. 
p. 337 (Cape of Good Hope). Kogia hreviceps l^lainv.. Hector, 
1878, Trans. N.Z. Inst. vol. x. p. 337. Cogia hreviceps Blainv,, 
Benham, 1901, Proc. Zool. Soc. 1901, vol. i. p. 278; id. 1901, 
]. c. vol. ii. p. 107; id. 1902, 1. c. vol, i. p. 54 ; id. 1902, Trans. 
N.Z. Inst. vol. xxxiv. p. 155. Eiqdiysetes pottsii von Haast, 
1874 (June), Trans. N.Z. Inst. vol. aI. p, 97, pi. 15; id, 1874 
(Oct.), Proc. Zool. Soc. 1874, p. 260. 

Though a rare whale, the Pigmy Sperm AVhale has been taken 
in all seas. Schulte in 1917 (Bull. Ainer. Mus. Nat. Hist, 
vol. xxxvii. p. 361) listed 21 occurrences, three of which were 
from New Zealand. There are four skulls, without locality 
stated (but presumably from Lyall Bay and Petone), in the 
Dominion Museum, Wellington. Altogether at least 11 speci- 
mens have been cast ashore in New Zealand during the past 
40 years, 

Napier, — 1892. Skull in Otago Museum. 

Wanganui Beach, — (a) Skeleton and stuffed skin in the Wan- 
ganui Museum, Vertebrsc: C. 7, D. 12, L. & Ca. 264- =45 + . 
Cervicals fused. Capitulum of first rib articulates with centrum 
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of last cervical. Dorsal fin small, falcate. (6) On 3rd February, 
1909, I examined at Wanganui a specimen of Kogia brevieeps 
wliich had been stranded at the Heads a few days before. 
Length, 180 cm. ; flipper, 27 cm. ; dorsal fin height, 9*5 cm. ; 
distance across flukes, 49 cm. Black above, white below. The 
accompanying figure was made from a photograph taken at the 
Heads, where, it was reported, three individuals came ashore. 
(PI. II. fig. 3.) 

Cook Strait, — (a) Port Underwood, Mandible in Dominion 
Museum, Wellington. Length of ramus, 32 cm. ; breadth at 
angle, 7*5 cm. ; symphysis, 6 cm.; width between rami at base, 
28*5 cm. Teeth : 14 on right side, 13 on left. (6) Lyall Bay. 
Cow and calf cast ashore, 1880. (c) Petone, Wellington Harbour. 

Cow and calf harpooned, 1884. {d) Lyall Bay, 1887. Skeleton 

in Dominion Museum, Wellington. Teeth 14 . 14. Sternum of 
three segments. Scapula with broad backwardly - directed 
acromion and shorter and narrowly-directed coracoid, the borders 
overlapping for the distal half or more. Ribs 12, of which 7 are 
two-headed. Vertebra*: C. 7, D. 12, L. Ca. 20+ =394*. 

Ljfttelton, Ifarhoar , — Female stranded at Governor's Bay, 17th 
August, 1873, Skeleton and half cast in Canterbury Museum. 
Exterior and skeleton described by von Haast as the type of 
Eaphtfseies pottsil, Teetli 13 in each ramus of mandible. Verte- 
bric : C. 7, D. 12, L. 11, Ca. 20=s50. Cervicals fused. Ribs 12, 
of which 6 are two-beaded. St(jrnum of three segments, the 
first T-shaped. Phalanges: 1, 10, 7, 5, 4. 

Purakauiii^ Otago, — Stranded 23rd August, 1900. Skeleton 
in Cambridge I^niversitv Zoological Museum. 1 lescriptions by 
Benliam — exterior and skeleton (1902); exterior and anatomy 
(Proc. Zool. Soc. 1901, p. 107); larynx (Proc, Zool, Soc. 1901, 
p, 278). Teeth 13 in eacli ramus of mandible, 1 on each side of 
upper jaw. Pelvis absent. Yertebr?e: C. 7, 1). 13, L. 9, Ca. 23 
= 52. Ribs 13 pairs, the very last small, 6 are two-headed. 
Sternum of 3 segments. Phalanges : R. 2, 10, 7, 0, 3 ; L. 2, 9, 7, 
0,2. (Benham.) 


Berardius. 

Berardiits Duvernoy, 1851, Ann.Sci. Nat. ser. 3, vol. xv. p. 51 : 
type, B, arnnxii Duvernoy. 

This genus comprises two species— one from New Zealand and 
the Argentine, and the other, B, hairdii, from the Noi’th Pacific. 

Berardius arnuxii. 

Berardius arnuxii Duvernoy, 1851, Ann. Sci. Nat. ser. 3, 
vol. XV. p. 51 (Akaroa, N.Z.); Gray, 1866, Cat. Se-als & Whales 
Brit. Mus. p. 348; von Haast, 1870, Ann. Mag. Nat. Hist. ser. 4, 
vol. vi. p. 348; id. 1870, Trans. N.Z. Inst. vol. ii. p. 190; 
Hector, 1870, Ann. Mag. Nat Hist. ser. 4, vol, v. p. 222 ; id. 
1873, Trans. N.Z. Inst. vol. v. p. 169 ; id. 1878, 1. c. vol. x. p 338, 
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pi. 16 ; Van Beneden & Gervais, 1880, Ost^ogr. Get. pp. 377, 515^ 
Atlafis, pL 21 bi$j 23, 23 bis; True, 1910, Bull. U.B, Nat, Mus, 
73, p. 68. Berardim arnotixi Duvernoy, Flower, 1872, ’JVans, 
Zool, Soc. vol. viii. p. 212, pis, 27*-29 ; Beddard, 1900, Book of 
Whales, p. 228. “ Ziphid Whale,” Knox, 1871, Trans. N.Z, Inst, 
voi. hi. p. 125 ; Hector, 1871, ih. p. 129, pis. 16, 17, 

The Porpoise Whale has been recoiMlerl a number of times in 
New Zealand and once from La Plata (Marelli, Ann. Mus. Nac*. 
Buenos Aires, vol. xxx. p. 411, 1920). The following eleven 
specimens appear to be all the autheTitic New Zealand records. 
Besides these, a Avliale measured hy Knox ( 1 871 ) at Porirua jirob- 
ably belonged to this species. 

Chatham Island, — Skull in Otago Museum. 

Coast near Wangamii. — Skeleton in Wanganui Museum. 
Skull — length, 115 cm. ; mandible, 104 cm, Aveoli two in each 
ramus. Vertebrae: C. 7, I). 10, L. it Ua. 22-f a=:39H-. Three 
cervicals fused. Ribs 10, of which 7 are two-headed, 8th attached 
to centrum of 7th doi-sal, 9th and l()th .attached to transverse 
processes of the corresponding vertehra\ Sternum : Lst and 2nd 
segments notched in front and behind, 3rd notched in front only ; 
4th of two lateral pieces, broad in front, united for 6 cm., free 
and obtusely pointed bebind. 

Cook Strait, — («) Worser Bay, Wellington Harbour. Stranded 
January 1870. Skull jiud other hones in Tlominion Museum, 
Wellington. Measurements of animal given by Knox. Skull 
described by Hector (1871, 1873). J.ength of* skull, 120 cm. 
Only one pair of alveoli present in mandible. (/>) Entrance to 
Wellington Harbour. Captured 12t]i January. 1877. Skeleton 
in Dominion Museum, Wellington. Exterior and skeleton de- 
scribed by Hector (1878). Teeth two in eacli i*amus of mandible 
near apex. Vertebrse: 0. 7, D. 10. L. 1.3 Ca, 17=47. First 
three cervicals fused. Riba 10, of which 8 are two-headed. 
Sternum of 5 segments. Phalanges : 1, 6, 4, 3. 

Saltwater Creek, no‘rth of Banks Pc?ti//.‘?ak.~Male, stranded 
27th December, 1873. Skeleton in Canterbury Museum. Teeth 
2 . 2. Vertebrse: C. 7, D. 10, L. 13, Ca. 17 = 47. Three cervicals 
fused. Ribs 10, of which 8 are two-headed. Sternum of four 
segments. Scapula with broad expanded acromion and narrow 
thick and but slightly broadening coracoid. Phalanges; 2, 5, 
4, 3, 3. » 

JVew Brighton Beach. — Stranded 16th December, 1868. Skele- 
ton in Museum of Royal College of Surgeons, London. Exterior 
described by von Haast (1870). Skeleton described by Flower, 
Van Beneden & Gervais, and Beddard. A'^ertebr® : C.7, D. 10, 
L. 12, Ca. 19=s48. Three cervicals fused. Ribs 10, of which 7 
are two-headed. Phalanges ; 2, 5, 4 , 4, 3, 

Akaroa. — (a) 1846. Skull in Paris Museum. Described by 
Dttvernoy as the type of Berardius arnuxii. Described and 
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figured by Van Beneden and Gervais (p. 389, pL 23). (6) Skeleton 
in British Museum. 

Otago Peninsula. — 1 840. Mandible in Otago Museum. Teeth 
two in each ramus. 

J^ew Zealand {without locality stated). — (a) Skeleton in Paris 
Museum sent by von Haast. Figured by Van Beneden and 
Gervais (pis. 21 6is, 23 his). (6) Skull in U.S. National 
Museum, Washington. Measurements given by True. 

Mesoplodon. 

Mesoplodoji Gervais, 1850, Ann. Sci. Nat. ser. 3, voJ. xiv, p. 16 ; 
type, Delphinua sowerhensis Blainville. Dioplodou Gervais, 1850, 
(Jomptes Beiidus, vol. xxxi. p. 512 ; type, Delphinus densirostris 
Blainvi He. Oidodon von Haast, 1 87 6, Proc. Zool. Soc. 1 87 6, p. 457 ; 
type, Mesoplodwi grayi von llaast. Dolicliodou Gray, 1866, Cat. 
Seals Wliales Brit. Mus. p. 353 ; type, Ziphius layardi Gray. 

For an iicooiint of the species of this genus, see Forlies, Proc. 
Zool. Soc. 1893, p. 216, and Flower, 1872, Trans. Zool. Soc. 
vol. viii. p. 211. 

Missoplodon BownoiNi. (PI. 111. figs. 1 -3; PI. IV. figs. 1-3.) 

\fe^oplodon hovxloini Andrews, 1908, Bull. Amer. Mus. Nat. 
Hist. vol. xxiv. p. 203, pi. LS (Now Zealand). 

This species is now known from two skeletons : — 

(1) Xew linglUon Beach. — 1904. Skeleton in American 

Museum of Natural Histoiy, New York. Described by Andrews. 

jMaxillary foinmiiia approximately level with foramina in pre- 
maxillaries, Basirostoil groove absent. Anterior mju*gin of teeth 
posterior to hinder edge of mandibular symphysis. Vertebraa : 
(L 7, D. 10, L. 9, Ca. 20=:46. First three cervicals ankylosed. 
Chevrons 9. Bibs 10, of which 7 are two-headed. Sternum of 
four segments. Scapula with superior margin of acromion over- 
lapping the coracoi<l border. Phalanges ; 0, 4, 3, 3, 2. (Andrews.) 

(2) Xew Zealand. — Skeleton in Dominion Museum, Wellington. 
This Ixdiig the second specimen of the species known, a detailed 
description uill he given ; — 

Skull : Length 72 cm., of rostrum (from outside anteorbitaJ 
notch) 43*5 cm. ; breadth of skull at .squamosals 33 cm., at orbits 
31*8 cm. ; base of rostrum 12 cm. Temporal fossoi 9*5 x 6*5 cm. 
Height from vertex to lower bonier of pterygoids 30*2 cm., of 
rostrum at anterior end of pterygoids 8*2 cm. (PI. III. figs. 1-3.) 

Maxillary foramina 3 on right side, 2 on left, about 1 cm. in 
advance of the premaxillary foiamina (1 on each side). Rostrum 
solid. Contour of upper edge of rostrum straight for two-thirds 
of its length, then slightly depressed ; of lower edge parallel with 
upper for the first third, then sloping upwards for the middle 
thii*d, at 14 cm. from apex its height being 5 cm., then gmdually 
narrowing to apex. A prominent ridge on each side of the 
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expanded portion of the maxillie curving in anteriorly, and 
forming the lateral prominences at the base of the rostrum and 
dividing the anteorbital notches. Proximal ends of premaxill«5 
strongly everted and overhanging the nares ; both directed 
obliquely backwards, the right 12*5 cm., the left 7 cm. long. 
Bight nasal bone forming the vertex, the left smaller and lower. 
Mesorostral appearing between the ])remaxill8B throughout its 
length ; width at rostral base 2*3 cm., at 14 cm. in advance 1 cm., 
thence widening out towards the distjd end. its proximal end 
is a thin vertical ridge of bone. Foramen magnum 5x4 cm., 
occipital condyles 7 x 4*2 cm. No basirostral groove. Temporal 
fossse pyriform, above the level of the occipital condyles. On the 
lower surface of the skull the pterygoids diverge, showing the 
palatines as narrow divergent strijies on each side, about 10 cm. 
long and 1 cm. wdde. Between the palatines the two edges of the 
maxillge meet as a median ridge, the bones anteriorly diverging 
and exposing the vonu r. The palatines appear again above the 
pterygoids, their anterior ends being level with the pterygoid 
fossae. Pterygoids broken, but the exterior deeply conca^'e and 
the basal portion parallel and meeting for a distance of 13 cm. 

Mandible : Length of ramns 63 cm., of .symphysis 15 cm. ; tip 
to anterior end of left tooth, 13‘5 cm.; tooth -line along upper edge 
of ramus, 11 cm.; width of ramus at posterior end, 12 ‘5 cm.; 
narrowest portion behind tooth 7 cm., at anterior edge of tooth 
6*5 cm. The upper margin curves upwards and slightly outwards 
(but is not swollen) to form the walls of the alveolus, the internal 
wall being much higher tliaii the external wall, wdiich in the 
present specimen falls, but may be broken. (PI. JV. tigs. 1 & 2.) 

Tooth; The left tooth only is preserved. Its anterioi* margin 
at its junction with the upper edge of the mmus is 15 rnra. in 
advance of the posterior end of the symphysis. Anteriorly the 
tooth is slightly concave, posteriorly strongly convex. The apex 
is ' directed slightly forwards. The base is formed of eight 
irregular fangs. Anterior margin, 13*8 cm. ; base, about 10*5 
cm. ; thickness, 2*4 cm. 

Hyoid bones: Thyrohyals separate; length, 17 cm. Other 
bones not preserved. 

Vertebrae; C. 7, D. 10, L 9, Ca. 15=41. Atlas, axis, and 
third cervical fused by both centra and neural arches, 4th and 
5th fused only by the neural arch on the right side; 6th and 7t]i 
free. Atlas without diapophyses; two conical spines on crest. 
Diapophyses and parapophyses all separate. Seventh cervical 
with long diapophyses directed forwards, parapophyses reduced to 
knobs, above which are the articular facets for the tubercula of 
the first pair of ribs. Dorsals with centra concave above. Trans- 
verse processes of the anterior seven opposite the neural arches 
and bearing articular facets for the tubercula of the first seven 
nbs. The first six dorsals bear tubercles on the posterior edges 
of the centra for the articulation of the capitula of the 2nd to 7th 
ribs. The 8th, 9th, and 10th dorsals bear short transverse 
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processes ending in articular facets for the heads of the last three 
ribs. On the 8th and following vertebi'ie the transverse processes 
and metapophyses are widely sepamted, the former being opposite 
the centra. Lumbars with strong inferior median carina. 
Neural spines truncated and expanded at their distal ends. 
Metapophyses lamellar, projecting forward and upward. Anterior 
1 1 caudals showing facets for chevron bones. The last four are 
depressed oblong bones with no processes, but there appear to be 
some missing betwciJii the two sei-ies. Transverse processes 
reduced to ridges on the 8tli caudal, neural spine rudimentary on 
the 11th (the 12th and otlier caudals presumably missing). 

llibs, 10 pairs. The first seven are two-headed, articulating by 
botli capitula and tubercula. The first articulates wdth the 
centrum of the 7th cervical and the transverse process of the first 
dorsal, the Ttli articulates with the centrum of the 6th and the 
transverse process of the 7th dorsal. The 8th, 9th, and 10th are 
single-headed and articulate with the transverse processes of the 
6th to 10th vertebra’. The first two ribs broad and flat, with 
the proximal ends strongly curved ; the reniainder with the 
proximal ends below tl)e articulnr tubercles roughly triangular or 
(jnadrangular in section, the distal ends being flattened. 

The greatest length of each rib on the right side in a straight 
line is as follows : — Lst, nO‘5 cm. ; 2iul, 46*8 cm, ; drd, 54*7 cm. ; 
4th, 59*0 cm.; 5th, 60*3 cm.; 6th, 60*4 cm. ; 7th, 60*0 cm.; 
8th, 55*2 cm. ; 9tli, 50*5 cm. ; 10th, 42*5 cm. 

♦Sternum : The sternum consists of four segments. Tliree 
fenesti'fe are formed at the junctions by notches in the middle of 
the anterior and posterior margins of the segments. There is a 
fourth fen(*stra in the centre of the posterior segment. On each 
side are five facets for the .articulation of the costal ribs — one on 
the anterior segment, one on the posterior, and one at each of the 
junctions. 

(1) (2) (3) (4) 

nmj. mm. mm. mm. 

Greatest length of segments 182 116 90 130 

Greatest breadth of segments 195 130 105 102 

Scapula: Breadth, 30*4 cm., length (median), 20 cm. Median 
length of acromion and comcoid, each about 9 cm. Acromion 
broad, lamellar projecting upward. Coracoid slender, expanded 
distally. The superior margin of the acromion is clear of the 
coracoid border. (PI. IV. fig. 3.) 

Comparison with type of if. howdoini : — The present specimen 
differs from the type of if. howdoini from New Brighton in no 
important re.spect. In the general proportions of tlie skull and 
mandible they appear to be w’itliin the range of individual 
variation, and agree in those chai*acte»*s separating if. howdoini as 
a species; these are the absence of a basirostral groove, short 
symphysis of mandible, position and size of tooth, relative positions 
of palatines and pterygoids, overhanging maxillary crest, and 
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form of the rostrum. On the other iiand, the anterior edge of the 
tooth in the New Brighton specimen is 15 mm. behind tho 
posteiior margin of the mandibular symphysis ; in the Dominion 
Museum specimen it is about 14 mm. in advance of it. According 
to my description, the 8th to 10th dorwil vertebrie have the corre- 
sponding ribs articulated to their transv erse processes. Andrews 
states that the 8th rib of J/. howdoini is articulated to a facet on 
the posterior margin of tlie coiitriim of tlie 7th dorsal. The 
superior margin of tlie acromion in tlie type of M, howdoini 
overlaps the coracoid border, whereas it is clear of it in the present 
specimen. 

Mesoplodon orayi. 

Mesoplodon grayi von Ilanst, Proc, Zool. Hoc. 1876, p. 7 
(Chatham Island); Flovver, 1878, Trans. Zool. Hoc. vol. x. p. 417, 
pis. 71-73 ; Forbes, 1893, Proc. Zool. Hoc. 1893, p. 216, pis. 12-15. 
Mesoplodjon hectori (not Gray) Hector, 1874, Trans. N.Z. Inst, 
vol. vi. p. 86, pi. 15 a; id. 1876, 1. c. vol. x. p. 339, pi. 17. 
Berardius heciori. (not Gray) Hector, 1875, 1. c. vol. vii. ]\ 262. 
Oulodon grayi von Haast, 1876. Proc. Zool. Hoc. 1876, j>. 457 ; 
id. 1877, Trans. N.Z, Inst. vol. ix. p. 450, pi. 26 ; Yan Benedeii 
<fe Gervais, 1880, Ostoogr. Get. p. 516, pi. 62. Mesoplodon haasti 
Flower, 1878, Trans. Zool. Hoc. vol. x. p. 419, pis. 71, 72. 
Mesoplodon aiisiralk Flower, 1878, 1. c. p. 419, pis. 71-73; 
Lillie, 1915, ‘Terra Nova’ Exped., Zool. vol. i. p. 119. Meso- 
plodon knoxi part (skull B) Hector^ 1873, Trans. N.Z. Inst. vol. v. 
p. 167. 

The New Zealand Scamperdown AYhalo appears to be fairly 
common in the New Zealand region. Elsewhere it has been 
recorded only from Patagonia. 

Chatham Islands . — («) About 25 individuals stranded on 
Waitangi Beach, 1 87 5. Three skulls sent to Canterbury M iiseuin. 
One described by von Haast as the type of Mesoplodon yroyi- On 
this .specimen von Haast founded the genus Oidodon. It has 
also been described and figured by Forbes. A row of 17 small 
conical teeth in each side of upper jaw\ The two remaining 
skulls in the Otago Museum. One has 17, the other 19 teeth in 
each side of the upper jaw. (6) Skeleton in U.H. National 
Museum, Washington. Yertebra): C. 7, D. 11, L. 10, Ca. 20=48. 
Two cervical s fused. Chevrons 9. Bibs 11, of which 7 are two- 
headed ; the last rib rudimentary, about 70 mm. long, (c) Skull 
and three ro.stra in British Museum. Described by Forbes. 
{d) Skeleton in Bishop Museum, Honolulu. Figured in Occ. 
Papers Bishop Mus. vol. i. no. 5, figs. 4-8, 1902. Ribs 9. 
Premaxillary behind maxillary foramina. 

North Cape . — Skeleton found in Great Exhibition Bay, August 
1911. Skull and scapula in British Museum. Described by 
Lillie. Basirostral groove present. Foramina of fifth nerve one 
behind the other. Height of teeth, 3 in. ; length, 2^ in. (Lillie,> 
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Emt Coasts North Island. — Male stranded, December 1875. 
nostrum in Museum of Iloyal College of Surgeons, London. 
Described by Flower as the type of M, haasti. Measurements 
given by Forbes. Basirostral groove present. Foramina of fifth 
nerve one behind the other. 

Coolc Strait. — {a) Lyall Bay. Cast ashore, January 1875. 
Skeleton in British Museum. Exterior and skeleton described by 
Hector (1875). Skeleton described by Flower as the type of 
M. australis. Skull measurements given by Forbes. Basirostral 
groove deep. Vertebrae: C. 7, D. 9, L. 11, Ca. 20=47. Two 
cervicals united. Ribs 9, of which 7 are two-headed. (Flower.) 
(^>) Wellington. Skeleton in American Museum of Natuml 
History, Now York. 

Kaikoura. — Mandible described and figured by Hector (1874). 

Saltwater Creek, *M) wiles iwrth of Banks Penhmda. — Male 
stranded 1 5th December, 1876. Two males and a female stranded 
29th December, 1876. Skeleton of one in Canterbury Museum. 
Skull measurements given bv Forbes. Basirostral groove present. 
Vertebra* : C. 7, I), io, L. 11. (M. 19 = 47. Two cervicals fused. 
The 8th and 9th caudals arc joined by a bony growth. Riks 10, 
of which 7 are two-headed. Sternum of 4 segments; 1st huge, 
bifid in front, 2nd and 3rd notched in front and behind, 4th 
composed of three fused jueces, pointed post mioily and with a 
central foramina. Phalanges: 1, 6, 6, 4, 3. Skeleto]) of another 
in Museum of Royal College of Rurgeon.s, London. Des'cribed by 
Flower and Fori)es. Basirostral grt>ove shallow. Vertebrje: 
C. 7, I). 10, L. 11, Ca. 20=48. Two cervicals fused. Ribs 10, 
of which 7 are two-headed. (Flower.) 

Kaiapoi. — >Skull in Canterbury Museum. Described by Hector 
(1873) aiul Forbes. 

New Zealand {locality not stated). — (a) Skull in Otago Museum. 
Figur(Ml by Hector (1878). ((») Skeleton in Paris Museum. 

Described by Van Beneden and Gervais. Skull measurements 
given by Forbes. Basirostral groove present. Foramina of fifth 
nerve one behind the other. 18 teeth in upper jaw on left, 17 on 
right side. Sternum of 5 segments. Vertebrce: C. 7, D. 10, 
C. 11, Ca. 19 = 47. Two cervicals fused. Chevrons 10. Ribs 10, 
of which 7 are two-headed. Phalanges: 0, 6, 5, 4, 2. (c) Skeleton 
in Dominion Museum, Wellington. Rostrum narrow, <leeper 
than wide at base. Basirostral groove deep. Foramina, of fifth 
nerve one behind the other. Maxillary large, directed forwai’ds ; 
premaxillary small, beliind and directed upwards. Length of 
skull 75 cm., of rostrum 45 cm.; width at 8quamo.sals, 28 cm.; 
base of rostrum, 5 cm. Mandible length, 67 cm. ; .symphysis, 
21 5 cm. This skull approaches closely the type of M, australis. 
Ribs 10, of which 7 are tvro-headed. Sternum of 4 segments ; 
the first two free and notched in front and behind, the last tvro 
completely fused, the line of Junction being denoted by a 
foramen. 
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Mesoplodon LAYARDI. 

Ziphius layardi Gray, 1865, Proc. Zool. Soc. 1885, p. 358 (Cape 
of Good Hope). TJolichodon layardi Gray, Hector, 1873, Trans. 
N.Z. Inst. vol. V. p. 166, pi. 3. Mesoplodon layardi Gray, Hector, 
1873, Ann. Mag. Nat. Hist. ser. 4, vol. xi. p. 106; id. 1878, 
Trans. N.Z. Inst. vol. x. p. 341 ; Flower, 1878, Trans. Zool. Soc. 
vol. X. p. 416; Turner, 1880, ‘ Challenger ’ Rep., Zool. vol, i. 
pt. 4, p. 2, pis. 1-3; Waite, 1912, Ilec. Cant. Mus. vol. i. p. 326, 
pi. 62; id. 1912, Guide Whales k Dolph. N.Z. p. 16, pi. 4. 
Mesoplodon jtoweri von Haast, 1876, Proc. Zool. Soc. 1876, p. 478 ; 
id. 1877, Trans. N.Z. Inst. vol. ix. p. 442, pis. 2»5, 26, Jhlichodon 
traversii Gray, 1874, Trans. N.Z. Inst. vol. vi. p. 95. 

The Strap-toothed Whale has been recorded from South Africa, 
Australia, and New Zealand. 

Chatham Island, — Mandible described by Hector (1873) and 
Turner. 

Great Barrier Island, — Skull in Canterbury jVIuseuin. Teeth 
meeting over the upper jaw. 

Napier, — Teeth in Otago Museum. 

Marlborough, — Skull in Dominion Museum, Wellington ; 
acquired 1879. Length of teeth following curvatui-e, 34 cm. ; 
greatest width, 60 mm. Denticle 7 nun. high, 10 mm. along 
base-line. 

Saltwater Creek, north of Banks —Stiunded 10th 

March, 1874. Skeleton in Canterb iiy Museum. Described by 
von Haast as the type of M, floweri, Ycrtebno: C. 7, D. 1(), 
L. 10, Ca. 19=46. Three cervicaLs fused. Ribs 10, of whicli 7 
are two-headed. Sternum of 4 segments. Scapula witli bi'oad 
acromion and naia-ow coracoid. Plialanges : 2, 5, 5, 4, 3. 

Lyttelton Harbour. — Specimen stramled fit Allen<lale, 22nd 
March, 1912. Half cast in Canterbury Museum. Exterior 
described by Waite. 

Locality not stated, — (a) Skull in Tlominion Museum, Wel- 
lington. Length, 94*5 cm.; breadth, 41 cm.; mandible length, 
80 cm. ; symphysis, 22 cm. Basirostral groove deep. (Teeth 
missing.) {li) Skelton in Dominion Museum. Basirostral groove 
shallow. Length of skull, 61 cm.; of mandible, 52 cm. Verte- 
brae : C. 7, D. 9, L. 12, Ca. 16 = 44. Two cervicals fused. Ribs 9, 
of which 7 are two-headed. Sternum of 3 segments. 1 have 
identified this specimen from cranial characters. It is from a 
young animal, and the teeth are small and triangular. They only 
diflfer from those of M, grayi in being strongly incurved. 

Paikba, gen. n* 

I propose this name for those species of Ziphioid Whales with 
the cranial characters of Mesoplodon and two terminal teeth in 
the lower jaw. Type, Berardius heotori Gray. The only other 
species that can be referred to this genus is Mesoplodon mirum 
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True, from the North Atlantic. The esj^ntial character is the 
position of the teeth. Other characters which these species have 
in common are the broad and deep rostrum and the long mandi- 
bular symphysis ; also, the dorsal fin is placed far back and the 
teeth completely covered by the gums. In Mesoplodoii^ as it is 
now proposed to restrict it, the teeth are always placed near the 
posterior end of the symphysis so that the two species comprising 
Paikea apparently form a natural group in which the teeth, as 
pointed out by Dr. Ilarrner (Report Cetacea on British Coasts 
1918, p. 21, 1919), possibly correspond with the anterior pair of 
Berardius, 

The reduction of the teeth ^rom four to two in the Ziphioid 
Whales is interesting. Birardius is perhaps the most primitive 
of the recent genera and has usually four teeth, but in a skull in 
the Dominion Museum, Wellington, only the anterior pair is 
present. In Ziphius and Hyperoodon it is the anterior pair that 
is retained, but in Mesoplodon the posterior pair only is present. 
Paikea differs from Mesoplodoni in possessing only the anterior 
pair of mandibular teeth. 

Paikea hectori. 

Berardius hectori Gray, 1871, Ann. Mag. Nat. Hist. ser. 4, 
vol. viii. p. 117 ) Hector, 1873, Ann. Mag. Nat. Hist. ser. 4, vol. xi. 
p. 106. Berardms arnnxii (not Duvernoy) Hector, 1870, Trans. 
N.Z. Inst. vol. ii. p. 27, “ Ziphid Whale, Knox & Hector, 
1871, 1. c. vol. hi. p. 125, pis. 14, 15. Mesoplodon knoxi Hector, 
1873, 1. c. vol. v. p. 167. Mesoplodon hectori Gray, Flower, 1878, 
Trans. Zool. Soc. vol. x. p. 416, pis. 71, 72; Forbes, 1893, Proc. 
Zool. Soc. 1893, p. 227. 

Known only from the following specimen : — 

Titahi Bay^ Cook Strait, — Cast asliore January 1866. Skull 
in British Museum. All the references quoted refer to this 
specimen. Basirostral groove absent. Foramina of fifth nerve 
level. 


ZiPIIIlTS. 

Ziphius G. Cuvier, 1823, Ossem. Foss. vol. v. p. 350, pi, ; type, 
Z, carlrostris Cuv, Ilypodon Haldeman, 1841, Proc. Acad. Nat. 
Sci. Philad. vol. i. p. 127 ; type, Delphinus desmaresti Risso (=//. 
carirostris). 

If Ziphius and Xiphias be considered variations of the same 
word, then Ziphius Cuvier, 1823, is preoccupied by Xiphias Linne, 
1758, a genus of fishes, and the next valid name to be used for the 
genus of whales is Haldeman, 1841, Professor David 

Starr Jordan points out to me that Ziphius seems to have 
been purposely so written by Cuvier perhaps to make it clearly 
different from Xiphias^ which name was also used by the same 
author. 
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ZiPHIUS CAVIROSTRIS. 

Ziphucs cavirostr'is G. Cuvier, 1823, Ossein. Foss. vol. v. p. 350 
(Mediterranean coast of France) ; FJower, Proc. Zool, Soc. 1876, 
p. 477 ; Hector, 1878, Trans. N.Z. Inst. vol. x. p. 342 ; Turner, 
1880, ^Challenger' Rep., Zool. vol. i. pt. 4, p. 27, pi. 2. Epiodon 
chathamiensxB Hector, 1873, Ann. Mag. Nat. Hist. ser. 4, vol. xi. 
p. 10*5 ; id. 1873, Trans. N.Z. Inst. vol. v. 164, pis. 4, 5. Epiodon 
novcB zealandicB von Haast, 1877, Trans. N.Z. Inst. \'ol. ix. p. 430, 
pis. 24, 26, ZiphiusnovcB zealanditv von Haast, 1876, Proc. Zool. 
Soc. 1876, p. 466: id. 1880, Proc. Zool. Soc. 1880, p. 232; id. 
1880, Trans. N.Z. Inst. vol. xii. p. 241, pi. 8. Ziphius sp., 
Scott & Parker, 1889, Trans. Zool. Soc. vol. xii. p. 241, pis. 48-50; 
Beddard, 1900, Book of Whales, p. 235, pi. 12; Benham, 1901, 
Proc. Zool. Soc. 1901, vol. i. p. 294. Hyperoodon planifrom (not 
Flower) Waite, 1913, Rec. Cant. Mus. vol. ii. p. 23, pis. 8, 9. 

The Goose-beaked Whale hits been recorded from all seas. 

Chatham Island. — (a) Skull in Dominion Museum, Wellington. 
Described by Hector as the type of Epiodon chathurniensis. (b) 
Teeth in British Museum. One figured by Hector, Trans. N.Z. 
Inst. vol. V. pi. V. figs. 2 a, 2 b. 

East Cape, North Island. — Teeth and extremity of mandible 
in Canterbury Museum. Described and figured by Waite, who 
referred it with doubt to Hyderoodon planifrons, but his figure 
almost matches the anterior end of the mandible of the Petone 
specimen. 

Gooh Strait. — (a) Near W ellington. Skull described by Turner. 
(b) Petone Beaoh, Wellington Harbour. Stranded October 1919. 
Skeleton in possession of Mr. H. H. Travers, Wellington. 
Vertebrse: C. 7, D. 9, L. 11, Ca. 19 = 46. First four cervicais 
fused, 5th and 6th separately fused by neural arch on left side. 
Last spinous process and neural canal on the 1 1th caudal. Ribs 9, 
of which 6 are two-headed. Sternum of 5 segments, the first 
4 are notched in front and behind, the last of two separate 
lateral pieces. Scapula with long acromion and coracoid. 

Kaiapoi Beach. — Female, stranded 15th May, 1879. Skeleton 
in British Museum. Teeth described by von Haast (1880). 

New Brighton /ieacA. —Stranded ITtli November, 1878. Ex- 
terior and teeth described by von Haast (1880). 

Lyttelton Harbonr. — Stranded at Port Cooper, July 1872. 
Skeleton in Canterbury Museum. Described by von Haast as 
the type of Ziphius novce zealandia*. Yertebrce : C. 7, D. 9, L. 11, 
Oa. 19=46. Four cervicais fused. Ribs 9, of which 7 are two- 
headed. Sternum of 5 segments, each notched anteriorly and 
posteriorly. Scapula with long, nan’ow acromion and coracoid. 
Phalanges ; 2, 5, 5, 4, 3. 

Akaroa Harbour. — Female, stranded July 1873. Skull de- 
scribed by von Haast (1877). 

Warrington, Otago. — Came ashore alive, 6th November, 1884. 
Skeleton in Otago Museum. External characters, skeleton, and 
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anatomy described by Scott and Parker ; larynx descril:>ed by 
Benham. Two sbarp>pointed teeth at apex of mandible. Verte- 
brie: 0. 7, I). 10, L. 9. Ca. 20as46. Four cervicals fused, 
liibs 10, of which 7 are two-headed. Sternum of 5 segments, 
-each notched in front and behind. Pelvic bones about 9 cm. long. 
Phalanges : 1 , 5, 5, 5, 2. 

Locality not stated , — Skull of young in British Museum. 


OllCJKUS. 

Orcinus Fitzinger, 1860, Wiss.-populare Naturg. Sling, vol. vi. 
p. 204 ; type, 0, orca ( = Delphinus area Lirme). (Orca Gray, 
1846, is preoccupied by Orca Wagler, 1830, a genus of Physe- 
teridfie.) 

OttCINUS ORCA. 

Delphinus orca Linne, 1758, Syst. Nat. ed. 10, p. 77 (European 
seas). Orca gladiator Gray, 1846, Zool. ‘ Erebus *<fe ‘XeiTor,* 
p. 33; Hector, 1885, Trans. N.Z. lust. vol. xvii. p. 208. Orca 
pacijica Gray, Hector, 1875, l.c. vol. vii. p. 260. 

The Killer Whale is found in all seas. Lillie has recorded it 
as far south as McMurdo Bound, and states that it is the 
commonest cetacean in the Ross Sea. It 'is occasionally seen oft’ 
tlie New Zealand coast, especially about Cook Strait, Besides 
the following definite records, there is a skull of unknown locality 
in the Auckland Museum. 

Chatham Island . — Skull in Canterbury Museum. Teeth 

Coast south of Wanganui , — Skeleton in Dominion Museum, 
Wellington, Vertebrae; C. 7, D. 11, L. 10, Ca. 24 » 52. Four 
cervicals fused ; 5th and 6th separately fused by neui-al arches 
only. Teeth Ribs 11, of which 6 are two-headed. Sternum 
of one piece with five ai-ticular facets on each side. 

Otago Heads . — Skull in Otago Museum. Described by Hector 
(1875). Teeth )*§. 


PSEDDORCA. 

Paeudorca Reinhardt, 1862, Overs. K. Danske Yidensk. Selsk. 
Forhandl. p. 151 ; typo, P. crassideiis {^Phoccena crassidens 
Owen), 

PSEUDORCA CRASSIDENS. 

Pseudorca crassidenu Owen, 1846, Brit. Foss. Mamm. p. 516 
(^North Sea). Pseudorca meridionalis Flower, Hector, 1873, Trans. 
N.Z, Inst. vol. V. p. 163. 

The range of this 6|)eeies, which may be called the Tasmanian 
Blackfish, extends from the North Sea to the Ohatiiam Islands. 
It is met with in large schools in New Zealand and Tasmanian 
waters. 
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Chatham Island, — In March 1906 a school of several himrlreds 
was stranded on Long Beach, Petre Bay. These w^ere I’efeJTed to 
by Waite (Subant. Is. N.Z. p. 551, under Globiocephalns melas),, 
who visited the locality in February 1907. In December 1909 
the remains of many of them were still to be seen, and I was able 
to identify the species as Psendorca crassidens. Teeth in upper 
jaw 8 on each side. 

Lyall Bay, — Cranium in Dominion Museum, Wellington. 
Described by Hector. This was at one time referred by Hector 
to Beluga (Ann. Mag. Nat. Hist. ser. 4, vol. ix. p. 438, 1872), 


Globicephala. 

Glohicephala TiCsson, 1828, Hist. Nat. Mamm. et Ois. vol. i. 
p, 441 ; type, Delphinus dednctor Scoresby (=Z>. melas Traill). 

Globicephala MBLiENA. 

Delphinus melas Traill, 1809, Nicholson^s Journ. vol. xxii. p. 21 
(North Atlantic). Glohiocephalus macrorhynchus Gray, Hector, 
1870, Trans, N.Z. Inst. vol. ii. p. 28; id. 1873, l.c. vol. v. p. 164 ; 
id. 1875, l.c. vol. vii. p. 261, pis. 16, 16a; id. 1877, 1. c. vol. ix, 
p. 481, pis. 13, 13a : i(h 1870, Ann. Mag. Nat. Hist. ser. 4, vol. v. 
p. 222. Glohicephalus rnelas Traill, Hector, 1885, Trans. N.Z. 
Inst. vol. xvii. p. 209 ; Waite, 1909, Subant. Is. N.Z. p. 551. 

The Blackfish is found in all tropical and temperate seas. Like 
its relative the Tasmanian Blackfish, it goes about in schools. It 
is occasionally reported stranded in considerable numbers, but as 
the term blackfish is popularly applied to several species, the 
specific identity is not always certain. Skeletons and skulls are 
common in New Zealand museums. 

Chatham Islands, — Skull in Dominion Museum, Wellington 
(according to Hector, Ann. Mag. Nat. Hist. ser. 4, vol. xi. p. 105, 
1873). 

Cook Strait, — (a) Two skulls and other bones in the Dominion 
Museum. Described by Hector (1870, p. 28 ; 1873). One of the 
skulls is very massive, measuring 67*5 cm. in length and 47*5 cm. 
in breadth. Rostrum : length, 34 cm.; breadth at base, 26*5 cm. 
Pterygoids approximating to within 3 or 4 mm. Teeth 
Intermaxillaries broad, expanding a little in front*, approaching 
to within 2 cm. of the edge of the maxillaries, upper surface 
rugose anteriorly. Six cervical vertebrae fused. (6) Lyall Bay. 
School ran ashore, January 1876. Ten skeletons were secured. 
One now mounted in Dominion Museum. Exterior of animal 
and skeleton described by Hector (1877). Teeth Vei*tebrae : 
C. 7, D. 11, L. 13, Ca. 29 = 60. Six cervicals fused. Ribs 11, of 
which 7 are two-headed. Phalanges: 4, 13, 10, 3, 1. Two skeletons 
in the British Museum are perhaps from this school, (c) Skeleton 
in Otago Museum. Teeth Vertebras; C. 7, D. 11, L. 12, 
Ca. 26=s:56. Four cervicals fused. Ribs 11, of which 6 are 
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two-headed. Sternum of 3 segments, the first two perforated, 
the last divided longitudinally, 

Ola^o.^-^keleton in Canterbury Museum, Pterygoids sepa- 
rated along the middle line of about 1 cm. Teeth Yer- 
tebr»: O. 7, D. 11, L. 14, Oa. 24 sss 56. Six cervicals fused. 
Pelvic bones curved, rod-like, about 15 cm. long. Ribs 11, of 
which 6 are two-headed. Sternum of 3 segments, the anterior 
one notched in front, perforated in the centre, and with the sides 
projecting outwards and backwards. Scapula with broad L-shaped 
acromion, coracoid with distal end expanded. 

Stewart Idomd. — (a) Skull in Otago Museum. (6) Captured 
January 1874. Skeleton in British Museum, exterior described 
by Hector (1875). 

Campbell Island. — (Filhol, Mission dlle Campbell, Zool. p. 34, 
1885, G, macrorhynchus). 

Locality not stated. — (a) Skull in Auckland Museum. Figured 
by Hector (1875, pi. 16). (6) Skeleton in Dominion Museum. 

Teeth f. Vertebrse: C. 7, D. 11, L. 13, Ca. 25ss56. Five cer- 
vicals fused. Bibs 11, of which 6 are two-headed. Sternum of 
3 segments. 

Gbampus. 

Grampus Ddphinus) Gray, 1828, Spicilegia Zoologica, vol. i. 
p. 2 ; type, Delphinus grieeus Cuvier, 

Gbampus griseus. 

Delphintis griseus Cuvier, 1812, Ann. Mus. vol. xix. p. 14 
(Brest, France), Grampus ridiardsoni Gray, Hector, 1873, Trans. 
N.Z. Inst. vol. V, p. 163. Grampus griseus Cuv., Waite, 1912, 
Rec. Cant. Mus. vol. i. p. 328, pL 63 ; id. 1912, Guide Whales k 
Dolpb. N.Z. p. 19, pi. 5. 

Risso^s Dolphin has been recorded in such widely sundered 
regions as the North Sea and the coast of New Zealand. It is a 
rare species wherever found. Only twice has it been recorded 
from our seas, 

(1) Manawatu Beach. — Mandible in Dominion Museum, Wel- 
lington. Described by Hector. Length of ramus 44*5 cm., of 
symphysis 6 cm. Teeth 3 on each side opposite the symphysis, 
blunt, conical, the posterior one 8 mm. in diameter and project- 
ing 8 mm, above the dried gum. 

(2) Pelorus Soimd. — Figured by Waite. It is strange that 
the famous cetacean known as “ Pelorus Jack should not have 
been mentioned in scientific literature until Waite in a short 
not e confirmed the identification of the Rev. D, C. Bates, and 
published a photograph showing the contour of the dorsal fin 
and flukes. It has an extensive literature in newspapers and 
magazines. A special booklet by J. Cowan has been devoted to 
it, while an article on ‘^Pelorus Jack — Tuni-Rangi,” by W. T. 
Downes, appears in the Journal of the Polynesian Society, 
vol. xxiii. p. 176, 1914. Both these give the Maori legend. 

Pnoo. ZooL. Soo. — 1922, No. XL. 40 
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Pelorus Jack” has been described as ** bluish- white tinged 
with yellow and purple, and with irregular brown -edged scratch- 
like lines in all directions. His flippers are blackish and mottled 
with grey” (Cowan). Length about 14 ft. Dorsal fin high and 
falcate. This famous cetacean for many years frequented the 
waters outside the entrance to Pelorus Sound, and was in the 
habit of meeting steamers on the route between Nelson and 
Wellington. It accompanied the vessels for some miles, and 
played from side to side of the bows, keeping just in front 
and frequently leaping out of the water. It was protected by 
an Order in Council. ‘‘ Pelorus Jack” has not been seen since 
1912. 

Cephalorhynchus. 

Cephalorhj/nchus Belphinus) Gray, 1846, Zool, ‘Erebus^ & 
‘ Terror,^ Mamm. p. 36 ; type, />. heavisidii Gray. 

Cephalorhynchus hectori. (PI. 11. figs. 1 & 2.) 

Electra hectori Van Beneden, 1881, Bull. Roy. Acad. Belg. 
ser. 3, vol. i. p. 887, pi. 2. Lagenorhynchus clangulua (not Gray) 
Hector, 1870, Trans. N.Z. Inst. vol. ii. p. 27; id. 1872, Ann. 
Mag. Nat. Hist. ser. 4, vol. ix. p. 436, fig. Electra clangula (not 
Gray) Hector, 1873, Trans. N.Z. Inst. vol. v. p. 160, pi. 12; id. 
1877, 1. c. vol. ix. p. 350, pi. 11. Cephalorhynchiia hectori Ben., 
Hector, 1885, Trans. N.Z. Inst. vol. xvii. p. 209; True, 1889, 
Bull. U.S. Nat. Mus. xxxvi. pp. 112, 177, pi. 32. Cephalorhyn- 
chu8 alhifrons True, 1899, 1. c. pp. 11 1, 177, pi. 32. 

Confined to New Zealand seas. It is the Common "White-nosed 
Porpoise, never seen far from the coast. 

North Coast-- Specimen captured. Skeleton in Paris Museum. 
Described by Van Beneden as the type of Electra hectori. Teeth 30. 
Vertebras: C. 7, D. 14, L. 15, Ca. 27=63. Two cervicals fused. 
Ribs 14. 

Eay of Islands, — Skull in Dominion Museum, Teeth 30. 
Length of skull 30*5 cm,, of rostrum 14*5 cm. ; width of rostrum 
at base, 7*5 cm. 

Wanganui Coast — {a) Skeleton in Wanganui Museum. Sternum 
of two segments ; four pairs of ribs articulate with the anterior 
and one pair with the posterior segment, which is perforated. 
Two cervicals fused, (ft) Stuflfed skin in Wanganui Museum. 
Specimen stranded alive, Castlecliff Beach, May 1921. Mr. G. 
Shepherd, Curator of the Wanganui Museum, has kindly supplied 
me with a description which enables me to give the following 
particulars. Forehead grey. Snout and a margin round the 
grey of the forehead, black. Dorsal surface slaty black, shading 
into slaty grey on the sides and then into black bordeiing the 
white under surface. Tip of lower jaw, flippers, dorsal fin, and 
tail black. A white spot in the axil of each flipper. Under sur- 
face white, interrupted by an isthmus of black connecting the 
two flippers. The white extends backwards to midway between 
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tlio vent and the flukes, dividing into three equally long pointed 
(PI. II. figs. 1 & 2) bands, one central and one extending obliquely 
along each flank. An elongated dusky patch surrounds the vent. 
Total length of specimen 1*90 m. An interesting point to observe 
is that, according to Mr. Shepherd, the forehead is grey and not 
white. This intermediate colour probably accounts for the vary- 
ing deseriptions given to this animal, resulting in it having been 
listed under two names. 

Cook Strait. — (a) Outside Wellington Harbour. Described by 
Hector (1870). Vertebrae : C. 7, D. 14, L. & Ca. 48=:69. (b) Off 
Oape Campbell. Two shot from a lai'ge school. Exterior de- 
scribed by Hector (1872, 187.3). (c) Wellington Harbour. Skull 
in Dominion Museum. Teeth Length of skull 31*2 cm., of 
rostrum 16 cm. ; widtli of skull at squamosals 16 cm., of rostrum 
at base 8 cm. (d) Half model in Otago Museum. There is 
also a skeleton, perhaps of this specimen, but locality not 
given. 

Canterbury, — (a) Skeleton from Banks Peninsula in Canter- 
bury Museum. Vertebrae : C. 7, D. 13, L. 15, Ca. 29=s64. Two 
cervicals fused. Ribs 13, of which 4 are two-headed, last rib 
less than half the length of the 12th. Sternum of one piece. 
(b) Skull in U.S. National Museum, Washington. 

Laobnorhynchus. 

Lagenorhynchus Gray, 1846, 2ool. ‘Erebus' & ‘ Terror,' Mamm. 
p. JIO ; type, Delphinm acutus Gray. 

Lagenorhynchus obscurus. 

Uelphlnus obscnrus C^ray, 1828, Spic. Zool. p. 2 (Cape of Good 
Hope). Clymenia obscnra Gray, Hector, 1873, Trans. N.Z. Inst, 
vol. v. p. 160, pi. 1 ; id, 1877, 1. c. vol. ix. pi. 11 ; id. 1885, 1. c. 
vol. xvii, p. 211 ; Hutton, 1877, 1. c. vol. ix. p. 349. 

'Uhe Dusky Dolphin is common round the coast. It isapparently 
widely distributed, being reconied from the Cape seas and in the 
Southern Ocean as far south as 58^^ S. lat. (Lillie.) 

VVangaiiui Coast. — {a) Skull in Dominion Museum, Wellington. 
Described by Hector (1873). Teeth Y. Length of skull, 
’M)\) cm. ; breadtli at s(|uainosals, 16*7 cm. ; rostrum length, 
19*3 cm.*, breadth at base, 8*5 cm. (6) Two specimens in 
Wanganui Museum. 

Cook Skeleton in Dominion Museum. Teeth fjh 

Vevtebree ; C. 7, D. 13, L. 19, Ca. 32=71. Two cervicals fused. 
Ribs 13, of which 6 are two headed. Phalanges : 2, 9, 6, 2, 1. 
Sternum of 3 segments. 

Banka Peninsula. — {a) Lyttelton Harbour. Skull in Canter- 
bury Museum. (6) Akaroa. Cast in Canterbury Museum. 

There are two other skeletons of unknown locality in the 
Dominion Museum. 


40 * 



582 


ME. W. E. B. OLIVEE : REVIEW OF THE 


Lissodelphis. 

lAsBodelphis Gloger, 1841, Hand- u. Hilfsb. Naturg. vol. 
pp, xxxiv, 169 ; type, Delphinus peronii Lac^p^de. (Turstd 
Wagler, 1830, is preoccupied by Tnrsio Flennng, 1822, a genus 
of Phy«eterid».) 

LiSSODELPHIS PEllOKll. 

Delphinvs peronii Lacep^e, 1804, Hist. Nat. C4t. p. 316 (south 
of Tasmania). Ttirno peronii Lac^p., Lillie, 1915, ‘Terra Nova’' 
Exped., Zool. vol. i. p. 121. 

This species is included in the New Zealand fauna on the 
authority of Lillie, who records seeing two specimens in lat. S. 
47° 04', long. E. 171° 33' (south-east of Nugget Point, Otago). 
The species is easily recognised on account of its peculiar 
colomtion. It has been recorded in the Southern Ocean from 
Tasmania to Chile. 


Stenella. 

Stenella Stetio) Gray, 1866, Piw. Zool. Soc. 1866, p. 21.3; 
type, Steno attenuatns Gray. Prodelpliinus Gervais, 1880, 
Ost^ogr. Cet. p, 604 ; type, P, viarginatus Duvernoy ( s=P. enphro- 
syne Gray). 

I have adopted Stenella as the earliest valid name for this 
genus, passing over Sousa, proposed earlier on the same page, 
because it is probably only a variation of Susu (preoccupied by 
Lesson, 1828). It may also be added that 8nsu or Sousou is a 
Hindu word, and therefore the tyj)e of Sousa, if not hitherto 
fixed, should be the Indian species S* lentiginosns. 


Stenella euphrosyne. 

Delphinus euphrosyne Gray, 1846, Zool. ‘Erebus’ & ‘Terror,’ 
p. 40, pi. 22. Clymenia novae s^alandias (not Quoy & Gaimard) 
Hector, 1873, Trans. N.Z. Inst. vol. v. p. 159, pi. 2; id. 1877, 
1. c. vol. ix. pi. 11. 

A large species, recorded from the North and South Atlantic. 
Its claim to be included in the New Zealand fauna rests^ on the 
following skull : — 

Waikanae Coast , — Skull in Dominion Museum, Wellington, 
Described and figured by Hector. The proportions of this skull 
and the position of the nerve foramina agree with the type of 
D, euphrosyne as figured by Gray (Zool. ‘Erebus’ & ‘Terror,’ 
pi. 22). Teeth Length of skull 48 cm., of rostrum 28*4 cm. ; 
breadth of skull at squaniosals, 23*3 cm. ; breadth of rostrum at 
base, 12 cm. Pterygoids approximate to within 2 mm. 
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StENELLA FSEUDODELPHIS. 

DelphinuB pmkd 4 delphi$ Sohlegel, 1841^ Abhandl. Gobiete ZooL 
Heft 1, p. 22. Clymeniok aiUenwUa Qmy^ Hector, 1885, IVane. 
N.Z. Inst. vol. xvii. p, 211. 

This Dolphin has been recorded from the Booth Atlantic Ocean 
and Gape seas. Probably it shonld be united with 8, mcdayanus 
Lesson (1826) and & ftmnatus P. CuVier (1836), and the distri- 
bution given as Atlantic, Indian, and Pacific Oceans. Its inclusion 
in the New Zealand fauna rests on a single skull. There is also 
in the Dominion Museum a mandible which I refer to this 
species. The tip is broken, but there are 36 alveoli present. 
Length of ramus 34 cm., of symphysis 6 cm. 

Parapara* — Skull in Dominion Museum. Hector doubted this 
skull being obtained in tlie New Zealand area. It, however, bears 
the legend “Loc. Parapara. Hector 1879. Steno attenuatua 
Gi’ay ** written on the premaxilhe. The proportions of the skull 
and the contour of the premaxilla? are identical with the type of 
D, attenuaiua figured by Gi*ay (Zool. ‘ Erebus' & * Terror,' pi. 28), 
but there are high fronto-supraoccipital ridges (like the figure of 
Z). doris in Gray's work). It is a large skull, and the high ridges 
may be a sign of age. Pterygoids in contact. Teeth missing, 
alveoli 39, but end of rostrum not quite perfect. Length of skull 
39*2 cm., of rostrum 24 cm.; breadth of skull at squamosak 
16*2 cm., at orbits 14*7 cm. ; breadth of rostrum at base 9 cm. 

Delphinus. 

Delphinus Linn6, 1758, Byst. Nat, ed. 10, p, 77; type, D, delphU 
Linno. 

Delphinus delphis. 

Delphinua delphis Linne, 1758, Byst. Nat. ed. 10, p. 77 
(European seas). Delphinus nava zealaivdice Quoy & Gaimard, 
1830, Voy, ‘Astrolabe,' Zool. vol. i. p. 149, pi. 28; Hutton, 1877, 
Trans. N.Z. Inst. vol. ix, p. 349. Delphinus forsieri Or»jy Hector, 
1872, Ann. Mag. Nat. Hist. ser. 4, vol. ix. p. 438; id. 1873, 
Trans. N.Z. Inst. vol. v. p. 158, pis. 2, 3; id. 1874, 1. c. vol. vi. 
p. 85 ; id, 1877, 1. c. vol. ix. pi. 11. 

The Dolphin is found in all seas ; it is common round the New 
Zealand coasts. 

Bay of Islands, — Skull in Dominion Museum. 

Haaraki Oulf — I have seen a skull from Motutapu Island. 

Bast Coast fHorth Island, — Specimen captured by the ‘Astrolabe' 
oflf Tolaga Bay, Descril>ed by Quoy and Gaimai'd as the type of 
Ddphinus novas zealandim, 

Wanganui Beach. — Skull described by Hector (1873). 

Cook Strait, — (a) Lyall Bay. Skeleton in Dominion Museum. 
Exterior descril^d by Hector (1874). Teeth Vertebra; 
C. 7, D. 14, L, 17, Ca. 37as75. Two cervicals fused. Ribs 14, 
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of which 3 are two-headed. Costal ribs 8, of which 5 articulate 
.with the sternum. Sternum of one piece. Phalanges : 2, 9, 7, 2, 1 . 
(b) Porirua. Skull in Dominion Museum. Described b}^ Hector 
(1872). 

Lf/ttdton Harbour, — Skeleton in Caiiterburv Museum, from 
Governor’s Bay, 1896. Vertebra): 0. 7, D. 15, L. 20, Ca. 33 = 75. 
Ribs 15, of which 6 are two-headed, the last pair small, half the 
length of the 14th. Costal ribs 8, of which 4 appear to articulate 
directly with the sternum. Sternum of oiie piece, apparently of 
three fused segments. Pelvic bones curved, rod-like, about 
8 cm. long. 

There is a skeleton from New Zealand in the British Museum. 
True (Bull. U.S. Nat. Mus. 36, p. xxxvi, 1889) gives the measure- 
ments of the skull. 


TuHSiors. 

Tursioi^s Gervais, 1855, Hist. Nat. Mamm. vol. ii. p. 323 ; 
type, Delphinus tursio Fabricins ( = 7). truncatus Montagu), 

Tursiops truncatus. 

Delphinus truncatus Montagu, 1815, Wern. Trans, vol. iii. pi. 5. 
Tursio metis Gray, Hector, 1873, Trans. N.Z. Inst. vol. v. p. 162 ; 
id. 1877, 1. c. vol. ix. p. 477, pis. 11, 12; Hutton, 1876, 1. c. 
vol. viii. p. 180. Tursiops tursio (Fabr.), Hector, 1885, 1. c. 
vol, xvii. p. 210. Beluga kingii (not (n*ay) Hector, 1873, Ann, 
Mag. Nat. Hist. ser. 4, vol xi. p. 105 ; id. 1873, Trans. N.Z. Inst, 
vol. V, p. 163. Delphinapterus leucas (not Pallas) Hector, 1885. 
1. c. vol. xvii. p. 209. 

The Cowfish appears to be widely distributed, having been 
recorded from localities as distant as the North Sea and New 
Zealand. In the latter place it has been recorded from both 
east and west coasts of the South Island. 

Lyttelton Harbour, — Skeleton in Canterbury Museum, from 
Governors Bay, 1895. Teeth f J. Vertebra) : C. 7, D. 13, L. 17, 
Oa. 27=64. Two cervicals fused. Ribs 13, with a vestige about 
4 cm. long on the right side only of a 14th. Costal ribs 9, of 
which the first is rather broad and thick, five articulate directly 
and four indirectly with the sternum. Sternum of 4 segments, 
the anterior curved upwards and notched in front and with a 
minute perforation in the centre. 

Otago Harbour, — 1913. Skull and cast in Otago Museum. 

Dmky Sound, — {a) Skull in Otago Museum. 1898. (ft) Skeleton 
in Otago Museum. Captured in Useless Bay, 10th May, 1875. 
JJxterior and skull described by Hutton. Teeth (c) Skeleton 
in Dominion Museum. Captured in Useless Bay, 10th May, 1875, 
Described by Hector (1877). Teeth |f. The anterior pair, upper 
and lower small, not projecting above the alveoli. Vertebrae : 
C. 7, D. 12, L. 17, Ca. 28=64. Two cervicals fused. Bibs 12, 
of which 4 are two-headed. Costal ribs 10, of which 5 articulate 
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with the sternum. Sternum of 4 fused segments, (d) Skull in 
Dominion Museum, labelled “Dusky Bay, 6/1/73.'^ 

Locality not stated, — {a) Skeleton in Wanganui Museum. 
Teeth VertebreB : C. 7, D. 12, L. 17, Ca. 22-4- =58 -f. Ribs 12, 
of which 5 are two-headed. Two cervicals fused. (?>) Skull 
(incomplete) in Dominion Museum. Labelled in Dr. Knoxes 
handwriting Beluga hingii Gray. The Australian Beluga. 
From Swainson Coll,” This is merely an imperfect cranium; 
the whole of the rostrum and mandible are missing. It is from 
a young animal, as the frontal is quite separate and the cranial 
sutures are open. It appears to agree in all essential characters 
with the skulls of 2'ur slops truncaius in the Dominion Museum. 
The main point of difference which gives the present specimen a 
distinct appeanmce is the absence of a transverse supraoccipital 
ridge, but this is obviously due to age, and could not be expected 
to be pronounced in a young animal. This specimen was referred 
to under the name Beluga hingii by Hector (1873), and is 
responsible for the introduction into New Zealand literature of 
the “ White Whale, Delphinapterus leucas^'' which finds a place in 
Hutton and Drummond’s ‘Animals of New Zealand,’ but has 
lieen treated more cautiously by Waite, who omitted it altogether 
in his ‘ Guide to the Whales and Dolphins of New Zealand.’ 

EXPLANATION OP THE PLATES. 

Plate T, 

Neohaleena marffinata. 

Fig. 1, Skull, lateral view. 

2. Skull, superior view. 

3. Skull, inferior view. 

Plate II. 

CephalorhtfnchuB hectori. 

Fig. 1. Side view. 

2. Inferior view. 

Kogia breviceps. 

Fig. 3. Specimen stranded at Wanganui, 

February 1909. 

Plate III. 

Mesoplodon howdoini. 

Fig. 1. Skull, superior view. 

2. Skull, inferior view. 

3. Skull, lateral view. 

Plate IV. 

'Mesoplodon howdoini. 

Fig. 1. Mandible. 

2. Left nimus of mandible. 

8. Scapula. 
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29. On the Dental Charaoters o£ certain Australian Bats. 
By Prof. P. Wood Jones, Adelaide Unirersity. 

[Beceivetl May 22, 1922 : B«ad June 13, 1922.] 

(Text-figures 1-12.) 

The observations recorded in the present paper, although very 
limited in their scope, may possibly prove to be of some value 
irhen they are extended over a wider range of types tlian is avail- 
able to the author. 

The business of diagnosing the specific characters of the 
material which he studies does not, as a rule, fall within the 
province of the anatomist, but there are times when even 
the teacher of human anatomy has to enlarge his field of enquiry, 
and enlarge it so that he comes within measumble distance of 
being a systematic zoologist. The attempt to assign a specific 
name to an Australian Murine is an enterprise no amateur 
should engage in, and it must not be thought that the present 
author is responsible for the determination of the species men- 
tioned here. But sliort of giving an actual name to a species, it 
may happen that one who is not a systematic zoologist may want 
to track down, as nearly as possible to its proper position, some 
animal into the structure of which he is enquiring. 

Among the chai*acters which bulk large in the differential 
diagnosis of various Murines are the cix)wn patterns of the molar 
teeth. It is quite certain that not a tithe of the literature 
dealing with the molar patterns of the mts has been reviewed 
during a search of the works and periodicals available here in 
Adelaide ; but enough has been studied to convince the author 
that although it is a simple thing to diagnose the crown occlusal 
pattern of the molars of a young animal, it is difiicult or even 
impossible to say what may have been the pattern when once the 
molars are worn down in an old or an aged specimen. Text-fig. 8 
illustrates the condition of the left upper molar series in three 
individuals belonging to one species, and it is 'easy to see that in 
the oldest individual a diagnosis of the original occlusal pattern is 
a matter of considerable uncertainty. Consideration of the inter- 
esting problem of the relation of crown-pattern to root-formation 
has prompted the author to turn to the root-patterns in order to 
see if they presente<] any constant or useful features. 

A series of circumstances has led up to this little investigation 
of the root-patterns of a few Australian rats. In the first place, a 
number of skulls and certain cranial fragments were found upon 
an island, — Franklin Island in Nuyt’s Archipelago, — the living 
rats inhabiting which had been already properly identified. The 
skulls were all of aged individuals, and no diagnosis could be made 
from the molar patterns; and yet it was of some importance 
that the identity of the fragments should be sufllciently well 
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established to make their relation to the living rats of the 
island clear. 

In the next place, upon another island (Goat Island) in the 
same Archipelago the tracks of a rat wore seen upon the sea- 
beaches, but despite every effort no rat could be caught or shot or 
even seen during a brief visit to the island. Nevertheless the 
fact that the tracks were in reality those of rats was proved by 
the finding of skull fragments in the dejecta of some birds of prey. 
These fragments were all of lower jaws and lacked teeth (see 
text-fig. 1). Save for a single humerus no other portion of the 
rats was recovered. It was a matter of some interest to vsee if 
the rat of Goat Island, and the living rat of Franklin Island, and 
the dead rat of Franklin Island were or were not identical. 

Text-figure 1. 



Fragment of left lower jaw taken from the pellets of birds of prey on Goat Island* 

Nnyt’s Archipelago. Tiie edentulous alveolus has a characteristic root-puttern. 

Still more recently the author was confronted with the remains 
of so many rats that the deposit formed by their bones constituted 
so vast a bulk as to be exploited as a commercial undertaking, 
though situated some 40 miles from the railroad and some 
200 miles from the place to which the deposit could be sent by 
rail. These bones were in a system of caves (Buckalowie), and 
among the millions of rats which had gone to the formation of 
the deposit not one seems to be represented by a whole skull. 
Jaws and fragments of jaws devoid of teeth were to be had by 
the thousand (see text-fig. 2), and .at once the question arose — 
Could the fragments be identified by an examination of the jaws 
from which the teeth had been lost ? Whatever the rats were,. 
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they were certainly ancient and they were mixed with the remains 
of many other animals, amongst which were Thylacinua and 
Thylacoleo. Even the accident of the loss of teeth in the jaw 
fragments composing the deposit on the floor of the caves provided 
a partial answer to the question, for it was at once evident from 
an examination of the alveolar cavities for the upper molars that 
two quite different root-patterns were represented. 

In order to determine the affinities of these root-patterns the 
author extracted teeth from such properly identified skulls as he. 
could obtain, and the present paper is merely a record of the 
findings. If the results are capable of no further extension, at 
least they permit one to say that the past and present rats of 


Text-figure 2. 



^ B 

Typical frajyments from bone d^bria of Buckalowie Cave deposit. A. Portion 
bearing? left upper molar root-cavities. B. Left lower molar root-cavities. 

Franklin Island are the same animal, that the murine contem- 
porary of Thylacoleo which formed the cave-deposit at Buckalowie, 
was a creature a good deal like the Franklin Island mt ; but that 
the unknown rat which lives on Goat Island is not the same sort 
of rat at all, but is like a rat whose remains make a small and 
recent addition to the cave-dei)Osits and like existing members of 
the genus Ratiua, 

Hydhomys Geofif., 1805, 

The species examined is that known as the Golden-bellied 
Water-Rat,’’ H, chryaogaater Geoff*. It is now a comparatively 
rare animal, and in South Australia (and in some of the other 
States) it is becoming increasingly difficult to obtain. The speci- 
mens examined were trapped either on the Onkaparinga River in 
the Mount Lofty Range or on the River Murray at Tailem Bend, 
The animal is so thoroughly distinctive that its specific diagnosis 
needs no authority. 



MO 


PBOf . F. WOOD JOFia ON THB 


Upper Molars, 

Tho upper molar aeriea when examined from its occlusal suiv 
face presents a remarkably simple pattern in the young animal 
when practically no signs of attrition are present, and the same 
simplicity is preserved in the adult when attrition is well advanced 
(see text’fig. 3, A). The anterior molar consistB of three very 
distinct masses arranged in the antero>posterior axis of the tooth. 

Text-figure 3. 




heft npper molar series of Wydrom^i chryBogaHer, A, stowini^ tbe ocdusal 
sorface of the two molars ; and the alveolar cavities. The ontUnes of the 
anteiior molar are superimposed on its alveolar cavities in B. The cavity 
marked X is not present in some specimens. 

Each of these divisions shows a central depressed area when 
viewed from the occlusal surface. 

The posterior molar consists of a small anterior lingual portion 
and a larger posterior mass. The total area of the posterior 
molar is less than half that of the anterior tooth, (^e text- 
fig. 3.) in advanced age the wear of the tooth involves the raised 
rim of the individual crown masses, and beyond a flattening of 
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the occlusal surfaces no niarked change of crown-pattern takes 
place with increasing age. 

Upon removing the two upper molars in Hyda^omys a very 
curious arrangement of the alveolar cavities is seen. There are 
either 8 or 9 separate sockets for the reception of roots, small or 
large, of the anterior tooth, and two cavities for the roots of the 
posterior tooth. (See text-flg. 3, B.) 

Of the 8 or 9 root-cavities for the anterior tooth 2 belong to 
the anterior lamina of the crown, 5 or 6 belong to the middle 
lamina, and 1 to the posterior lamina. 


Text-figure 4. 



Anterior left upper molar of M^fdromjfs chry$ogaiter to ihow the relation of tlio 
multiple roots to the crown divisions. In this example only two lingual roots 
are present. A » anterior, Psk posterior extremity of molar. 

The anterior root is large and shows at its extremity a tendency 
to be itself subdivided into 3. Four very minute labial cavities 
belong to four small labial roots of the medial lamina and one or 
two far larger lingual root-cavities belong to the same subdivision. 
The small posterior portion of the anterior molar has one large 
alveolus for a single large root which shows a marked tendency to 
be bifid. (See text-figs. 8 & 4.) 

The two roots of the posterior tooth are arranged in the long 
axis of the jaw and thus both tend to be elongated from side to 
side and to be bifid. 
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Lower Molars, 

The lower molar series consists of two dental masses with the 
same simple type of occlusal surface as that displayed by the 
upper teeth. The anterior molar is divided into two main parts, 
and in some specimens, but not in all, a very small posterior shelf 
is present. The posterior molar is also divided into two main 
masses, but the whole area of the tooth is considerably less than 
that of the anterior one. (See text-fig. D, A.) Again there is 
the same complexity of the alveolar cavities and roots. Again 
9 root-cavities belong to the anterior molar mass. The anterior 
portion of the anterior molar has a large anterior root and two 

Text-figure 5. 



Left lower molar series of Hydromys chry so (faster. A. Occlusal surface. 
B. Alveolar cavities, the outlines of the anterior molar being shown. 


«mall postero-lingual and two small postero-labial roots. The 
posterior portion has two small labial, one small lingual, and a 
large, transverse, and partially sub-divided posterior root. There 
are again two rather tortuous root- cavities, situated antero- 
posteriorly, for the posterior molar. (See text- fig. 5, J3.) 

Looking at the whole of the peculiar features of this upper and 
lower molar series, with its strange collection of roots and alveoli, 
it is difficult to avoid conjecturing that, despite the simple crown- 
pattern of the anterior molar it is in reality very far from being 
a simple tooth. It is difficult to avoid speculating as to whether 
Hydromys has in reality simplified its dentition by the loss of a 


DENTAL 0HABACTER8 OF AUSTKALUN BATS. 593 

molar. If the line of the palatal suture, or the origin of the 
posterior zygoma root, should prove to be at all staVde points in 
oranial architecture, it would look as though the anterior lamina 
of the upper anterior molar occupied somewhat the same 
anatomical position as the whole of the anterior molar in more 
typical forms. 


Rattus. 

(1) i2. greyL Specimens from Mount Compass, South Australia. 
Identity established by Mr. Oldfield Thomas (Ann. <fe Mag. Nat. 
Hist, series 9, voL viii. p. 425, October 1921). 


Upper Molars. 

The crown-pattern of the upper molars is shown in text- 
fig. 6, A, 


Text-figure 6. 



Leftlnpper molar geries of Battus gre^i. A, showing th« occlusal surface ; 
aud B, the alveolar cavities. 


It is typical and needs no description. 

The roots are small, their alveoli being a series of clean-cut 
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boles in the jaw-margin, and the tooth itself is not to any extent 
received in a depres^ area of the jaw. 

The anterior molar has 5 roots, a large single median anterior 
root and 4 others arianged in pairs behind it. 

The second molar has 4 roots armnged as an anterior pair and 
a posterior pair. The third molar has an anterior pair of roots 
arranged labio-lingually and a single median posterior root. In 
the whole root series there is a single anterior median root, and a 
single posterior median root, and 5 lingual and 5 labial roots 
arranged in pairs (see text-fig. 6, B). 

What might be termed the root-formula for the upper molars 
would therefore be 5. 4. 3. 

Lower Molars, 

The occlusal surface of the lower molars shows two sub-divisions 
of the crown of the two posterior molars and three sub-divisions 
of the anterior molar, the anterior and middle sub-divisions of 
the anterior tooth being often partially fused together (see text- 
fig. 7, A). 

The root-cavities are well developed and clear cut, like those of 
the upper molars. The anterior tootlj has 4 roots, consisting 


Text-figure 7. 



A B 

Left lower molar series of liattus greyi. A, the occlusal surface* j 
and 11, the alveolar cavities. 

of an anterior median rounded root followed by a pair of roots 
(lingual and labial), followed again by a single root elongated 
from side to side. 

The second and third teeth have 3 roots each arranged as a 
pair of anterior rounded roots and a single elongated posterior 
root (see text-fig. 7, B). The lower root-formula could therefore 
be writiteii as 4. 3. 3. 

(2) R. terrve-rsgirue shows exactly the same condition as R, grey i 
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and the introduced forms H, rattus and norvegieua are identical. 
Evidently the unknown rat which lives on Goat Island is akin, 
as a comparison of text-figs. 1 ds 7, B, will show. 

Lbporillus Oldfield Thomas, 1906. 

The species examined is that recently named L, jomsi (Ann. & 
Mag. Nat. Hist. ser. 9, vol. viii. p. 618, Dec. 1921). All the 
examples come from Franklin Island in Nuyt’s Archipelago, on 
which island the type was taken. 

Upper Molars, 

The upper molar occlusal pattern is shown at text fig. 8. The 
molars are large and are deep set in the jaws. The alveolar 
cavities show a rather noteworthy sinking of the whole tooth 
into the alveolar area of the jaw ; the cavities for the indi- 
vi(luM.l roots opening from an area which is itself somewhat 
below the general surface of the surrounding bone. (See text- 
fig. 9.) 

Text-figure 8. 



B C 


Left upper molar series of Leyorillut jonesi. Three specimens, A, B, and C, 
showing? the ulteration of the occlusal pattern, with varying degrees of attrition. 

The first molar has 3 roots, each having a distinct socket in 
the jaw. Of these three roots one is anterior and median, and 
the other two are posterior lingual and labial ; the jx)stero- 
lingual root in some specimens shows a tendency to be bifid. 

The second molar also lias 3 roots, but the lingual root is 
further advanced in the jaw so as to be more truly lingual, and 
not so postero-lingual in position. 

Proo. Zoom Soc. — 1922, No. XLT. 


41 
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The thinl molar has 2 roots, of which the anterior is elongated 
from side to side and shows a tendency to bifurcation ; possibly 


Text-figure 9. 



Alveolar cavities of the left upi>er molar series of Leporillus Jonesi . 

it represents the anterior and lingual roots of the second molar. 
The root formula would therefore be 3. 3. 2. 

Lovoer Molars* 

Of the lower molai’s the large anterior member shows three 
laminae on its occlusal surface, the second molar two laminte, and 
the third also two. The root-pattern shows the same reception 
of part of the crown into a depressed area of the jaw as is seen 
in the case of the upper teeth. (See text-fig. 10, B.) Bach 
tooth is provided with 2 roots, and anterior rounded I'oot, and a 
posterior one elongate from side to side. In the case of the first 
molar there is a tendency towards lateral bifurcation of the 
posterior root. The lower root-formula is therefore 2. 2. 2, 

The rats whose remains have gone in such countless numbers 
to constitute the bone-doposits in the Bnckalowie caves, had the 
molars sunk into the jaw in the same fashion as is seen in the 
Franklin Island Leporillus. They had the same root-formula 
above and below (see text-fig. 2 and compare text-figs. 9 A 10) ; 
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they also seem to have had the same crown pattern, certainly 
they had not the crown pattern which is distinctive of Oonilurua, 
The measurements of fragments of their skulls are practically 
those of the Franklin Island Leporillus ; and it is probably not 
far from the truth to say that a rat very like the modern insular 


Text- figure 10. 



A a 

Left molar series of Leporitluajoncsi. A. Occlusal surface, 
n. Alveolar cavities. 

foi in was 11 contemporary of Thylacolco and Thylacinm in the 
northern parts of South Australia. No traces of living rats w^ere 
seen at Buckalowie, nor <lo the guano-miners know of the 
piesence of any in the district. 

Notom Y s Le.sson, 1842. 

Tl\e only example of this genus that 1 have been able to 
examine is the specimen coming from Miller s Creek 

to the west of Lake Eyre. 

The speeiniou is one whicli sliows very little wearing of the 
occlusal surfaces of the molars. There is seen the same tendency 
for tlie tooth to be received in a depression of tlm jaw as was 
note<l in Leporillus, The root-pattern is also reminiscent of that 
genus, for the upper molars 1 and 2 are 3 -rooted teetii, the 
roots being one anterior and two posterior. The third molar, 
liowever (in the only specimen examined), showed a single 
cavity which contained a partially subdivided root. (See text- 
fig 11.) 

The root-formula would therefore be 3. 3. 1. 

The lower molars ai-e all 2-rooted teeth, but there is a well- 
marked tendency towards reduction of the posterior root of the 
third molar. The root-formula is 2, 2. 2. 

41 ^ 
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T«xt-figure 11. 




A 


Left upper molar series of Notomys cervinus. A. Occlusal surface, 
B. Alveolar cavities. 

Text-figure 12. 



s 

Lower molar Keru?s of Notomys cervinui, A. Left upper molar crown-pnttern, 

R. Right lower molar root cavities. 

Conclusion, — It is suggested that the study of the molar root- 
pattern, and the expression of what might he termed a root- 
formula, are of some importance in systematic work among the 
Murines. Unfortunately it is not possible in Adelaide to carry 
out even a partial survey of the Australian rodents, for the 
material is not obtainable, but it is hoped that such workers as 
possess material will recorti the root-patterns of Comlurus^ 
Afastacomys^ and other interesting Australian foi in.s. 
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30. On the Structure o£ the Enamel iu the Primates and 
some other Mammals. By J. Thornton Oaktku, 
Hon. Research Assistant, University College, Uni- 
versity of London. 


[Received May 24, 1922 : Read June 13, 1022. J 

(Plates I. to VJI. *) 

During tho past forty years the theory of the evolution of the 
crowns of mammalian molar teeth, which is associated with the 
names of Cope and of Osborn, has attracted the attention of a 
large number of workers, so tliat a voluminous literature on the 
.sul)ject has accumulatod. 

Whilst so mncli work has been devoted to the gross forms of 
t.he teeth, it is surprising to find that little attention has been 
given to the minute anatomy of the dental tissues as evidence in 
throwing light on the problem of affinity. 

1 n the year 1850, Sir John Tomes, F.R.S., submitted to the Iloyal 
Society a contribution, entitled ♦‘The Structure of the Dental 
Tissues of the Order Rcnlentia” (Phil. Trans. 1850), in which he 
gave a detailed description of the pattern of the enamel in various 
genera, and from their comparison drew the interesting con- 
clusion that the various families of Rodents possess a “ constant 
and exclusive character in the structure of the enameP*; further, 
that there is a “ different and distinct character in each of the 
larger groups, and that the variety of structure is constant 
throughout members of the same group : we may take, for 
example, the Sciuridfle, the Murida*, and the Hystricldae, in each 
of which the structure of the enamel is different and in each is 

highly distinctive ” “ the varieties in the structure of the 

dental tissue, witli a few isolated exceptions, justify and accord 
with the arrangements of the order into the several divisions 
proposed by Mr. Waterhouse and deduced by him from the 
relations of the several parts of the skull.” 

Yet a year earlier than the publication of his observations on 
the histology of the enamebin Rodents, Tomes had contributed to 
the Philosophical Tninsactions a paper “ On the Dental Tissues 
in Marsupial Animals” (Phil. Trans. 1849, vol. cxxxix.), in which 
he demonstrated a marked feature in their enamel in the form bf 
a system of tubes continuous with the dentinal tubes, this i>eirig 
a constant character of the teeth of all Marstipiah, Excepting 
only those of the Wombat. This character “ attains its utmost 
development in the Macropodidie, and is more feebly present 
in some Dasyurid®, whilst in Myrmecohius and yet further in 


• For oxplanatiou of the Plates, see p. 607- 
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Tarsipes it is reduced to small limits ” (Tomes, Dental Anatomy, 

The significance and value of these contributions lies in the 
fjict that Tomes demonstrates! clearly that the enamel pattern in 
Kodents provides a specific critei’ion of affinity, and that the 
structure of the enamel in Marsupials, taken in conjunction with 
other anatomical charactei-s, may be employed to demonstrate 
Marsupial relationship. 

Seventy years have passed since the publication of ^ these 
researches, but, in so far as I am aware, during that period no 
one has extended Tomes^s work and published the results of the 
examination of the enamel structure in all the representative 
members of a diversified order ; and further, with the exception of 
Sir Charles Tomes, F.R.S., the distinguished son of a distinguished 
father, no one has applied the results obtained to the determi- 
nation of affinities or relationship in the case of extinct mammals. 
In a paper on the “ Minute Structure of the Teeth of Oreodonts, 
with special reference to their suggested resemblace to Mar- 
supials*' (P. Z, S. 1906), Sir 0. Tomes employed the character of 
tubular enamel as a test of Marsupial relationship, and found 
that in none of the Creodont teeth which he examined was this 
character present. Included with this Creodont material was a 
portion of a tooth of Borhymna^ one of the Sparassodonta, in the 
enamel of which Tomes found no trace of tubes. But the 
Marsupial characters of this group were so numerous that Prof. 
D. M, 8. Watson, F.K.B., asked me to undertake a further exami- 
nation of the enamel in other members of the sulK)rder, and 3 
was fortunate enough to discover this Marsupial character in the 
teeth of CladosictiBy Pharsophorm^ and of Borkyvma (Journ. 
Anat. 1919). 

Following the provision of the material for the examination or 
Sparassodont teeth, the authorities of the American Museum of 
Natural History handed over to me a rich and representative 
collection of teeth and jaws of Eocene mammals, comprising some 
eighty genera, which had been formed for the purpose of obtain- 
ing a set of sections with the hope that, in the words of 
Dr. Matthew, “ the investigation thereof will provide a new line 
of evidence for the affinities of mammals, as distinct from the 

skeleton or the teeth or the soft anatomy" and to “ have 

a cross check on relations of the same kind as the cross check 
between teeth adaptations and feet adaptations." A Iready severa 1 
hundreds of sections have been prepared from this material, an<l 
the results obtained encourage the hope that Dr. Mathew’s expec- 
tations will be fulfilled. To obtain the utmost value from such n 
collection, it is desirable to possess a complete series of sections of 
teeth of every genus of existing mammalia, and, in consequence, 
I have laboured to build up a collection of ground sections which 
should embrace not only representatives of each genus, but also, 
in so far as is possible, sections of each tooth in the individual 
dentition. 
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Included in the material supplied by the American Museum 
are teeth of Eocene Primates and Menotypfala: this material 
was found to be highly fossilised and very friable, and before 
examining it thoroughly, 1 decided to complete my collection of 
tooth sections of recent Primates. A large number of old-world 
and new-world monkeys have been examined, and some 200 
sections have been prepared from teeth of practically all the 
members of the suborder Lemuroidea. 

The results obtained from this microscopical examination 
disclose certain new features, which, taken in conjunction with 
other anatomical characters, should be of value. 

The first striking feature to be recorded is that throughout the 
whole suborder Lemuroidea a constant feature in the enamel is a 
regular system of tubes continuous with the dentinal tubes. 
Chiromya provides a solitary exception, and thus occupies a 
position similar to Phaaeolamya amongst the Marsupials. The 
richness of penetration varies greatly both in the teeth of 
different families and also in different areas of the enamel of 
individual teeth 

In the Lemuriformes the amount of penetration is usually 
slight, seldom exceeding the extent shown in PI. II. fig. 2, where 
the tubes are seen to pass through about half the thickness of 
the enamel : over the apex of the unworn incisor teeth and in the 
cusps of the molars the tubes often pass outwards to within a 
short distance of the free surface, as shown in PI. III. fig. 2. As 
one passes downwards towards the neck of the tooth and the 
enamel becomes thinner, the penetration becomes more sparse, 
most of the dentinal tubes splitting up into a fine brushwork just 
beneath the enamel surface. Such tubes as pass over into the 
enamel traverse a. layer of uncalcified tissue shown in PI. II. 
figs. 1 2 and designated by the letters uJ. 

In the Indrisinae the tubular penetration is extremely rich, 
rivalling the extent found in the Macropodidse ; for over the 
apices of the cusps of all the teeth there are tubes in the enamel 
continuous with almost every dentinal tube, and these pass out- 
wards through the greater thickness of the enamel. The illus- 
trations shown in PI. I. figs. 1 2 give a clearer idea of this 

condition than can be conveyed by a verbal description. 

Towards the necks of the teeth the penetration is still quite 
rich, but in the sulcuses of the crowns of the molars the pene- 
tration does not proceed to any great extent. 

In Propitkectia the degree of penetration is markedly less than 
in the Indrisime, but in certain areas of the enamel it is a con- 
spicuous feature (PL II. fig. 3). 

In the Lorisid® there is a very rich penetration, attaining its 

• For simplicit}' I retain the tonne “ tube ” and ** penetration," since they are 
employed in all text-books in the description of this condition in the eiiemGl, but I 
consider the so-called tubes to be fibrils, epiblastic in origin, and though continuous 
with the dentinal fibrils, they are not a penetration of these structures into the 

enamel {vide Carter, Phil. Trans. Roy. *Soc. ser. B, ccviii. 1917). 
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greatest development in the enamel of the tooth-cusps. With a 
view to economy of illustration, I have not included a photo- 
mictograph of their enamel, resembling as it does the enamel of 
the Galagos, illustrated in PL III. fig. 3. 

In Perodieticiis potto (PI. VI. fig. 4) the penetration is not 
nearly so rich as in the Lorises and the Galagos, whilst in 
Nyctmhus (PL VI. fig. 3) it is but slight, many of the tubes in 
the enamel of the molars ending just within the enamel in the 
form of small bulbous spindles similar to those shown in the 
enamel of Callithrix (PL IV. fig. 3). 

In Tarsitts, concerning whose position in the classification of 
the Primates so much has been written in recent years, the 
penetration attains a degree of richness even greater than is 
found in the enamel of Galago, and rivals in extent the condition 
shown in Indris (PL III, fig. 1). 

The actual structure of the enamel in the Lemurs also presents 
features of great interest, inasmuch as one finds that in sections 
of the entire tooth, the general pattern, or form and arrangement 
of the prisms, in the Asian and African forms differs from that 
of the Mascarene Lemurs, and that the enamel of Taraius is to all 
intents and purposes identical with that of Galago. 

The pattern of the Mascarene genera is shown in the photo- 
micrograph of a molar of Indris (PL V, fig. 1), and this pattern 
is constant for all the genera, including Chironiys (PL V. fig. 2). 
Immediately beneath, on the same plate, is a photo-micrograph 
of a portion of the enamel of Semnopithems (PL V. fig. 3), and it 
will be seen that the general structure is closely similar to the 
two lemurs, the enamel being composed of prisms or rods of a 
somewhat granular structure and with stmight, even margins, the 
prisms being separated one from another by a slight amount of 
calcified interstitial substance. 

The enamel pattern in the Asian and African Lemurs is quite 
distinct from that seen in the Mascarene forms. It is composed 
of rods or prisms with undulating margins, which in longitudinal 
section present a sharply-defined picture showing the wavy out- 
line of the margins of the rods (PL IV. fig. ] ). In transverse 
section (PL VI. fig. 2) these are seen to be cylindrical rods (e.r.), 
separated one from another by a considerable amount of the 
calcified interstitial substance usually designated by workers on 
the histology of enamel as the interprismatic material {Lp,m,). 

A pattern of enamel identical with this obtains in the teeth of 
the Hapalidas and the Cebid®. In Callithrix, which Gregory 
regards as a very primitive form, there is a slight degree of 
penetration of the enamel, the prolongation of the dentinal 
tubes terminating in the enamel {$) in the form of little 
bulbous spindles (?) (PL IV. fig. 3). The close similarity of the 
enamel pattern of Callithrix, which is identical with that of all 
other Platyrrhines, to the pattern of Galago and of Tarsiua 
will be apparent on comparing the micro-photographs figured 
(PL IT.). 
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1 have prepared sections of teeth of M^galadapia grcmdulieri 
and of PalmopropUhecua from the Pleistocene of Madagascar. 
In the former penetration was almost absent, but in Paioeopropi’ 
tfiecua a system of tube is present, developed to an extent which 
ecjuals the condition seen in the teeth of Propithecua itself 
(PI. II. fig. 3). 

In pattern both forms have an enamel identical with that of 
the recent Mascarene forms. 

The microscopical examination of the enamel in Primates 
therefore discloses certain features which have not been noted 
before. They are ; — 

(1) The enamel in all Lemurs, with the exception of Chiromys^ 
possesses a system of tubes continuous with the dentinal tub^. 
In Indria and Propithecua the penetration is very rich, but in the 
Lemurinas it is feebly developed. In the Galagos, the Lorises, 
and in Perodicticua potto the penetration is rich also, but in 
Nycticehua it is slight, so slight, in fact, that except in the apices 
of the cusps, the penetiation is reduced to a degree which is but 
little greater than one finds in the teeth of the South American 
monkeys. 

(2) There is a marked and constant difference between the 
enamel pattern in the Mascarene forms and the Asian and 
African forms, the enamel in the former having a .pattern 
identical with that found in the Oatarrhines, whilst the Asian 
and African forms present a pattern identical with that seen in 
the teeth of the PJatyrrhines. The Lemui'oidea, therefore, parallel 
the Anthropoidea in enamel structure. 

(3) 'Paraius has an enamel indistinguishable in sections from 
that of Galago. 

Amongst living mammals the penetmtion of the enamel by 
tul)es is, as ali'eady stated, a chax*acter found in all Marsupials, 
Phmcolomya excepted. No other order possesses this chaiacter 
as a constant feature of all its genera. 

In the order Insectivora, however, there are a number of 
genera which do possess it. In the Menotyphla one finds an 
extremely rich penetration in the enamel of the Macroscelidae 
{Petrodromua and Rhyncocyon were examined), but in sections 
prepared from a large number of teeth from skulls of Tupaia 
there is no tmco of any penetration. In the Lipotyphla all teeth 
of Soricinje and of Orocidurinae have enamel which is richly 
tubular. Erinaceua has a moderate degree of penetmtion, but 
Gyifnnura has none. The Talpinaa also do not disclose any 
penetmtion. 

The two genera comprising the suborder Hyracoidea have an 
enamel which is richly tubular. 

The only other living mammal which possesses this character 
in the enamel is the Jerboa, one solitaiy creature out of the large 
number comprising the order Bodentia. 

In the enamel of the teeth of all fossil Marsupials which I have 
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examiaed, exteading back to Peradectes (from the Tiffany beds of 
Colorado (Lower Eocene)), there is a penetration. 

In the suborder Multituberculata (Allotheria), which Dr. 
Matthew tells me he regards as in the Metatherian stage of 
evolution, but separate from the Marsupials and Placentals, 
I have also discovered a rich penetration and a distinct pattern 
of enamel, which will be alluded to later in this communication. 

With the presentation of fresh details of the minute anatomy 
of the teeth the first question to arise is that of their 
significance. 

Is the tubular system of the enamel to be regarded as an 
heritage derived from remoter ancestors, or has it some adaptive 
significance in relation to the present needs of its possessor ? 

To throw light on the question, I have prepared sections of 
teeth of several primitive Primates. 

In the enamel of Notliarctus and of PehjcoduSy undoubted 
Lemuroid Primates from the Lower Eocene, I have been able to 
discover no trace of penetration by tubes, although I have pre- 
pared a number of sections from teeth of different specimens. 

In Hemiacodon^ one of the Anaptomorphidte from the Middle 
Eocene, there is marke^l penetration, well shown in PI. VI. fig. 1, 
where, in the enamel over the apex of the tooth, the tubes {t) 
are clearly shown passing some distance into the enamel, though 
a little further down in the crown of the same tooth all trace of 
structure, in both enamel and in dentine, had become obliterated 
in the process of fossilization. 

In Ph^nacolemxir, concerning whose affinities there has been 
some discussion (Broili and Schlosser including it amongst the 
Insectivores, whilst Dr. Matthew, in his list of Eocene material 
supplied to me, includes it amongst the Menotyphla), the enamel 
is also tubular. 

• Kothodectea (Ple8iadapu\ 'whose affinities also are doubtful, 
discloses no sign of penetration, and the structure of its enamel 
lends no support to the views of Stehlin that it is closely akin to 
the Ohiromyidfie, but rather supports the opinion of Matthew 
that it is nearer to the Menotyphla, and is a primitive synthetic 
type intermediate between Tupaiaoids and Lemuroids. 

With regard to the microstructure of the enamel in these 
extinct Primates, it is interesting to record that llemiacodon 
possessed an enamel identiciil in pattern with tlmt of Tarsius of 
the Asian and African Lemurs, and therefore Avith that of the 
Platyrrhinae, whilst NotJiarctua and its forerunners Pelycodua 
disclose a structure similar to that found in the Mascarene forms, 
living and extinct, and to the Oatarrhinae. 

It is obvious, therefore, that, in the examination of a fragment 
of a tooth, the discovery of the presence of a system of tubes in 
the enamel, unsupport^ by other evidence, would not afford a 
precise test of affinity ; but, taken in conjunction with the pattern 
of the enamel, the demonstration of tubes would enable one to 
state, with a degree of certainty, as to whether such a fragment 
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had been derived from a Multituberculate, a Marsupial, an 
Insectivore, a Lemur, or whether the tooth was that of a Jerboa ; 
and further, as the evidence adduced in this paper shows, in the 
case of a Lemur one could differentiate between the Mascarene 
and the Asian and African forms. 

It remains for me to give a very brief description in general of 
the tubular enamels of those mammals apart from the Lemurs to 
which I have alluded. 

The enamel pattern of the Multituberculates is quite distinctive, 
and differs fundamentally from all others which I have examined. 
If a section of a tooth of Polymaatodon be ground and examined 
(PI, VII. fig. 5), tubes (^) will be seen passing from the dentine 
(d) into the enamel (e) : by careful illumination a faint pattern 
may be discerned, which can be developed by washing the section 
for a time in acid alcohol until such an image as is shown in 
PI. VII. figs. 2, 3, and 4 is disclosed. 

Here one sees a series of horseshoe- shaped bodies (A.s.), which 
become smaller and more widely separated as the outer edge of 
the enamel is approached. In whatever plane the section may be 
cut these structures never become complete circles, the two ends 
remaining apart and terminating in bulbous slightly recurved 
enlargements. Such an image would be seen in ti*ansverse 
section of any spiral structure. 

Any further description of the minute structure of this peculiar 
enamel would be out of place in this paper, but it may be men- 
tioned that Ptilodus also has an enamel which is richly tubular 
and an enamel pattern similar to, but by no means identical with, 
that of Poly mastodon. 

The Marsupials possess a very distinctive general pattern, as is 
shown in PI. VII. fig. 1, where the rods or prisms {p) are seen, 
in traijsvei’se section, to be arranged in rows which sometimes 
merge : these rows are separated by a very definite area of inter- 
prismatic material (i.p.m.\ so that, as Dr. Mummery has pointed 
out, in teased prepai*ations of developing enamel this substance 
splits up into laminae. The dark dots (^) are the so-called tulies 
seen in section. A section showing the enamel prisms in such 
rows and presenting the tube-penetration is peculiar to 
Marsupials. 

I have not figured the richly tubular enamal of the Jerboa, but 
it IS the only rodent which shows any trace of tube-penetration, 
and its enamel pattern presents the criss-cross arrangement of 
the rods which Sir John Tomes showed to be a character peculiar 
to the Rodents. 

With regard to the significance of the presence of a systen» of 
tub<\s in the enamel, the variability of its degree and of its 
distribution and the fact that, whilst richly developed in one 
creature it may be totally absent in a closely-related form, would 
seem to indicate that it is connected with some adaptive process, 
and that, taken alone, it has little or no value as evidence of 
affinity or line of descent. 
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The microstructure of the enamel, however, appears to be par- 
ticularly constant. In the long and well-authenticated series of 
creatures comprising the ancestry of the Horses, the microstructure 
of the enamel does not change, in spite of the modification of the 
teeth from the brachydont form in Eohippua through all the pro- 
gressive stages leading up to the complex hypsodont molar teeth 
of recent horses. 

In the Marsupials the pattern of the enamel in recent and 
fossil Australian forms appears to be identical with that of the 
teeth of Peradectea from the Tiffany beds of Colorado (Lower 
Eocene). 

Certain fossil rodents from the Eocene exhibit a close 
similarity in etiamel structure to recent forms, and where, as in 
Ohiromys^ a Lemur has evolved a rodent dentition, tiic structure 
of its enamel still retains its Lemurine character. 

It was my intention to hold over a description of the minute 
structure of the teeth of Primates until I liad published an 
account of the structure of the teeth iu Insectivores, recent and 
fossil, and of the primitive Creodonts, the material for which has 
been examined, together with that of n large number of other 
Eocene mammals. But Professor J. P. Hill, F.R.8., and Professor 
I). M. S. Watson, F.Ii.S., were of the opinion that the facts 
presented in this communication would be of immediate interest 
to the Fellows of the 8ociety, the more so as recent palfieonto- 
logical discoveries have provided fresh evidence of the antiquity 
of the Higher Primates. 

* In conclusion, I have to express my deep gratitude t« my 
colleague, Major G. 8. Saiisom, and to Mr. F. J. PittocVfor 
their kindness in preparing the micro-photographs used in khe 
illustrations, and to Professors Hill and Watson for constant 
encouragement. 

. Above all I have to thank Dr. W. D. Matthew, F.E.S., for 
providing invaluable material, and for most valuable information 
and suggestion in conversation during his recent visit to Europe. 

Most of the recent material employed was acquired by pur- 
chase, but J am deeply indebted to the Zoological Society through 
Mr. R. T. Pocock, F.R.8., for the gift of teeth of Chironiys^ 
and to Professor J. Elliot Smith, F.R.8., for a mandible of 
Tarsius^ ^ 

Summary, ' 

A microscopical examination of the teeth of Primatai discloses 
the fact that all members of the suborder Lemuroidea possess, in 
a varying extent, the character of a penetration of tubes into the 
enamel. 

In the Lemurinie this penetration is slight, but in the Indrisin8^ 
it is very rich. 

The Galagos and Pottos also have a rich penetration, but in 
NycticebuB it is but feeble. 
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Taraius has an enamel richly tubular, and in its structure 
essentially Lemurine. 

A further interesting feature is that the pattern of the enamel 
in the Mascarene Lemurs differs from that of the Asian and 
African forms, and that the former has a structure identical with 
that found in the enamel of all Catarrhines, whilst the structure 
of the enamel in the Platyrrhines is identical with that found in 
the Asian and African Lemurs. 

Two primitive Lemuroid Primates, Pelycodua and Notharctm, 
from the Eocene show no penetration, but in the structure of 
their enamel resemble the Mascarene Lemurs. 

Ilemiacodon^ a Tarsioid Primate, also from the Eocene, has an 
enamel which is tubular, and in structure appeal’s identical with 
the enamel of the recent Taraius, 

The enamel pattern affoixls a useful test of affinity if taken in 
conjunction with the character of a tube-penetration, and enables 
one to discriminate between Multituberculates, Marsupials, and 
Placenta Is. 


EXPLANATION OF THE PLATES. 


Tilt* following ia a list of refcrein’e letters common to the various figures : — 


h. bulbous spindles. 
d. dentJiie. 

«. enamel. 
e.r, enamel rods. 


h.it. liorseshoe-ghaped bodies. 

interprismatic material. 
u l. uncalcified la 5 ’er. 


Plaie I. 

Fig. 1. Longitudinal section through the incisor of Jnrfm, showing the presence in 
the enamel (c) of tubes tO continuous with those of the dinitine. X ISO 

Fig.!}. Longitudinal section through the protocone of an upper molar of Indtus^ 
showing u similar condition to that seen in fig. X. X 180. 

Platb IL 

Fig. 1. Longitudinal section of a lower incisor of Lemur catta^ showing the form and 
structure of the enamel rods or prisms (p), and at the surlace of the 
dentine (d) ne.xt the enamel a layer ot uucalcified material (m.L). X 350, 

Fig. 2. Longitudinal section <»f a loader incisor of Lemur^ showing the passage of 
tubes (^) from the dentine (d) into the eiiunicl (a) ; the tubes traversing 
the la>er of uncalcified material fu /.) are shown in fig. 1. X 350. 

Fig. 3. Section oi a lower preinohirof Fro^nthecuSy showing the presence of tubes (^) 
in the enamel {e), X 300. 


Pla-Tk III. 

Fig. 1. Section of a tooth of TarsiuSt showing the junction of the tubes (t) in the 
enamel (c) with those of the dentine (d). X 450. 

Fig. 2. Section of a low er incisor of Microcebus. X 250. 

Pig. 3. Sei;tioii from the coronal surface of a lower molar of Qalago. X 350. 

^ Plate IV. 

Fig. 1. Section of a tooth of Tarsim^ ehow'iiig the general pattern of the enamel (r ) 
with the undulating margins of the enamel rods (e.r.) and the tubes (^) in 
the enamel. X 350. 

Fig. 2. Section of a tooth of Galago, prc^sentiiig an appearance identical with that 
show’ll in fig. 1. X 340. 

Pig. 3. Section of a preniolar tooth of Callithrix (Callicebus), showing an enamel 
pattern similar to Taraiua and to Galago. The dentinal tubes t<*rmiiiatc 
a very short distance wdthin the enamel as little bulbous spindles (6). 
X 360. 
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Pli.TX V. 

Fig, 1. Section of the occlusal surface of the left upper molar of Indris; the photo- 
micrograph taken from the same tooth as the illustration shown in PI. I. 
fig, 2. The tubes (t) pass but a short distance into the enamel (#). 
The pattern of the enamel is clearly shown, the enamel rods (e.r.) having 
straight marmns and showing a fine gi-anular structure. X 460. 

Fig. 2. Section of a molar of Chiromys. The dentinal tal)es tenninate at the amelo- 
deutinal junction. The pattern of the enamel is similar to that of the 
other Mascarene Lemurs. X 600. 

Fig. 3. Section of enamel of Semnopithecus. X 450. 

% ^ 

Plate VI. 

Fig. 1. Section of a cusp of a molar of Hemiaeodon, showing the presenoe^f tubes 
(0 in the enamel (e). X 275. 

Fig. 2. Transverse section of an incisor of Galago, showing the enamel rods cut 
across and having a circular form separated one from another by a con- 
siderable amount of interprismatic material (i.p.m.), X 300. 

Fig. 3. Section of a molar of Nycficehus, showing the slight amount of i)eiwtration 
of the “ tubes ” (t) into the enamel, whilst many end in a bulbous spindle 
(i) similar to those shown in the enamel of Callithrix (PI. IV. fig. 8). 
X 300. 

Fig, 4. Section of an incisor of Terodictious potto, showing the passage of tubes (^) 
and an enamel pattern identical with that seen in Galago and in Tarsius. 
X 340, 

Plate VU. 

Fig. 1, Section of an incisor of Macropus rujicollis, showing the enamel rods (e.r.), 
cut transversely, lying in rows nhich are separated hy 8}iaiply>d<'Hned 
areas of interprismatic material The “tubes of the enamel ai® 

seen as black dots {t). X 1500. f 

Fig. 2. A transverse section of the enamel of a molar of etehedfto 

show the structure. The horse.shoe-8liiii)i*d bodies with bulbous ends (7i.s.) 
would suggest sections through an elongated spiral since they never fonn 
complete rin^. X 276. 

Fig. 3. Transverse section through the enamel of the loiver incisor of Folgmastodon, 
showing a similar condition to that seen in fig. 2, but demonstrating a 
finely granular structure of the ureas embraewi w'ithin the horseshoe- 
shaped bodies. X 400. 

Fig. 4. Longitudinal section of the enamel of a molar. X 480. 

Fig. 5. Uiietcbed section of a molar of Voly mastodon, showing the passage of tubes 
{t) from the dentine (d) into the enamel (e). X 300. 
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31. Miocene Proboscidia from Baluchistan. By C. Fokster 
Cooper, M.A., F.Z.S., Superintendent of the University 
Museum of Zoology, Cambridge. 

[Received Maj* * * § 3, 1922 : Read May 23, 1922.] 

(Plates and Text-figures 1-12.) 

The present paper contains a description of some Proboscidian 
remains obtained during two expeditions to the Lower Miocene 
deposits of Bern Bugti in Baluchistan, 

These fragments are of interest, as they throw some further 
light on the earliest known Indian Elephants which have been 
described partly as a variety of Bimolophodon angustidens t and 
partly as belonging to a genus, Ilemimaatodon ti not known else- 
where. There are also teeth and a fragment of a lower jaw of 
a small Dinotherium. 

8chlesinger §, in his beautifully illustrated account of the 
Mastodons in the Natural History Museum of Vienna, has figured 
and described two forms of angustidens. Tlie criteria for 
distinguishing these two varieties lie, according to him, in the 
structure of the inolnrs, and his description seems to refer 
especially to the intermediate teeth as being the more commonly 
found remains. In both forms the ridges consist of a large 
round outer cusp on the outer side of the tooth, with a smaller 
cusp pressed against its inner border and with one or more 
additional cusps in the valleys which separate the ridges. On the 
inner side of the tooth the ridge is continued by tw’o similar 
main cusps — a larger on the outer side of the tooth and a smaller 
on the median side, but without any accessory cusps in the 
valleys. 

Of the two varieties, one, which Schlesinger calls var. igpica^ 
shows these cusps as round in section and rather separate from 
one another, the surface of wear of the cusps being circular and 
Hat with the geneml surface of the tooth ; the other, var. sub- 
tapiroideci^ diflers in having the cusps more elliptical in section 
and less separate from one another, the accessory columns are 
less developed, and the at^as of wear are oval and their planes 
slope from the general level of t)ie tooth. While making these 
distinctions, Schlesinger at the same time denies the validity of 

* For explanation of the Plates, see page 626. 

t Lydekkcr, * Palieontulogia Indica,: aer. JIO, vol. vii^ pt. 4, pp. 23-25 (1884). 
I use this generic name after Sclilesin^T, with whose woirlt tlie chief compai'isons in 
this paper are made and without prejudice to other names. Tlie British Museum 
uses the name Tetrabelodon. My friend Professor H. F. Osborn writes to me since 
this paper was set up in type that he prefers the name Trilophodon. 

X Pilgrim, ‘ Palwontologia Indica,' n. s. vol. iv. pt. 2, p. 17 (1912). 

§ Schlesinger, Mitt. Gool. Geselt. Wien, Rd. xi. p. 13«3 (1918). 
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Lydekker’s variety palceindica^ which was founded chiefly on a 
third lower molar and which he stated is within the range of 
variation of vai*. typica. The specimens now to be described 
tend, if anything, to reverse Schlesinger’s view and in part to 
confirm Lydekker’s. 

The material in the collection consists of two palatei^ (>f 
B, angustidem of slightly different age, part of a lower jaw 
belonging to the older of tlio two palates, and some separate upper 
and lower molar and premolar teeth. 

The younger of the two palates (text-fig. 1) has on each side 
the last premolar and first molar in moderate wear, and th(' 
second molar erupting and unused. In front are the broken 
roots of the third premolar. Beyond this point and behind the 
second molars the specimen ends. The fourth premolars are 
weathered, but show a square outline and four sul^qual cusps a 
little elongated in the transverse direction. There is a shelf in 
front and low talon behind, and there are no intermediate cusps. 
They are very similar in size and shape to a correspoding tooth 
figured by Schlesinger for B. longirostre. There is no sign of a 
successional tooth underneath, so that it is not likely that they 
are imperfect milk teeth. 

The first molars are three-ridged, with a very small talon. The 
first two ridges are worn, the third as yet untouched. They 
agree more with those figured by Schlesinger as var. suhtajn-' 
roidea * than as var. typica t. 

The second molars, again, agree best with the figures of suh- 
tapiroidea J, but here the cusps seem moi e separate from each other, 
a difference which may be more apparent than real, and due in 
large measure to the tooth being unworn ; an internal accessory 
cusp on the third ridge is more prominent than his figures show. 

The other palate is rather older in that the second molar is 
now in wear on the first two ridges. The specimen on its right 
side has an open socket, from which the third pi*emohir has fallen 
out; the fourth preraolar an<l first molar are well worn, the secoml 
is j)artly in wear, and the front ridge of the third is preserved in 
the alveolus. It is clear that this aiiimal had two premolars and 
two molars in simultaneous wear, wliich is a longer time than 
Andrews § suggests for this species. The present specimen 
appears to show that these four teeth i*emain until the third molar 
erupts, when it finally pushes the premolars and first molar 
forward and out. This is consonant with the view, supported by 
other reasons, that the stage of avgastidcMs represented by thevSe 
Indian forms is earlier than that of the more typical Frencli 
forms from Sansan etc., ami is possibly as eaily as any yet 
described. 

The structure of the teeth in this second palate is essentially 
the same a,s in the other, except that in the second molars the 

* Schlesinger, Mitt. G<»ol. Geselt. Wiei», Bd. xi. pi. iii, fig. 2. 
t Loc. cit pi. ii. fig. 2. I Loc. ciL pi. vii. fig. 3. 

§ Andrews, Phil. Trans. K. S. vol. vxiv. p. 108 (1903). 
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division of the various cusps in the ridges is less noticeable. 
This, again, is apparently due to wear ; the grooves between the 


Text-figure 1* 



Bunolophodon angvstiden$. Palate with §econd molarg just eniptiiig. X 


cusps are often not more than shallow wrinkles in the thick 
enamel, and very little use would be sufiicient to obliterate 
them. 

Pbqc. Zool. Boc. — 1922, No. XLll, 
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In connection with these palates, the third upper molar (PI. I. 
fig. 1) may be described, of which there are two separate speci- 
mens, a right and .left, both unworn and of similar pattern. 
They differ in shape from corresponding teetli from France in 
the collection of the British Museum in being broad in front and 
in getting narrow behind so rapidly that the ground-plan of the 
tooth is that of an isosceles triangle instead of the more* usual 
elongated form. 

A tooth figured by Schlesinger * (var. subtapir oidea) is ap- 
parently nearer the present one in shape, but, being tilted up in 
the figure, his specimen cannot be closely compared. In, structure 
the two are very similiir, except that in the Indian specimens the 
fourth ridge (talon) consists of three cusps only instead of four, 
and that anything in the nature of valley cusps is conspicuous by 
its absence. In Schlesinger's form the cusps of the main ridges 
are three on each side, except on the last ridge where they are 
double only; in tbe present form they are partly double, but 
liere and there show either the treble condition or the beginning 
of it. In his form, however, there is a pair of accessory cusps 
which, while not very coiisj)icuous, can be seen clearly in the 
first two valleys. Thesev are absolutely unrepresented in tbe 
Indian form, with the sole exception of the first valley in one of 
the two teeth, which has a low but distinct cusp on the outer 
side connected to the posterior flanJc of the first ridge. It is 
possible that the subtapir-oid condition is the more primitive, 
and small mutations in tlie dircctioi\ of greater complication of 
tbe valleys are therefore to be expected. 

These third upper molars, while nearly as broad as Schlesinger’s 
specimen, are shorter, and are considerably more so than French 
specimens. 

Another separate upper tooth, in quite unworn condition, is 
here- figured (PI. I. fig. 2). It is apparently a second molar of 
the left side, but is rather larger than the corresponding teeth 
in tlie two palates already described. It is similar to them in all 
respects, except that the ai rangement of the cusps is much more 
that of the tppica'* form. This is especially noticeable in those 
of the inner side and on the second ridge, where as many as 
eight cusps of difierent sizes can be counted. At first sight this 
tooth might be mistaken for a very small third molar on account 
of its rather pointed end, large talon, and absence of posterior 
pressure mark. If this were really so, it might have some bearing 
on Pilgrim's genus Hem mastodon. The pointed appearance is 
due to the thick enamel being broken away on each side, and is 
therefore purely artificial ; if this part be restored, the tooth has 
the square end of a second molar. The large talon is due to the 
tooth being in germ and becomes resorbed when the third molar 
begins to press against it ; in each of the two palates in which the 
third molar is not yet in contact with the second the latter has a 
large talon. 


* Sclileyinger, loc, cit. pi, vii. fig. 3, 
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Of upper premolars there are two specimeus, both unworn. 
One, apparently a third premolar of the left side, consists of four 
cusps arranged in pairs, but not joined into ridges, and a small 
talon. This is a small tooth (PL IV. fig. 3) about 30 rnin. long aii<l 
20 mm. in width. The other, a fourth premolar (PL IV. fig. 2) 
45 mm. long and 36 mm. wide, is formed of two separate cusps in- 
front, while the hinder cusps are subdivided eacli into about four 
smaller ones, and make a nearer approach to a nMge ; the talon is 
fairly well-marked. 

It may be stated at this point that no part of the material in 
the present collection gives any evidence in stipport of the genus 
Hemimastodon *, which was originally described from specimens 
from the same beds in Baluchistan. Bchlesingerf has criticised 
the validity of this genus somewhat adversely, and has pointed 
out that, with the exception of the type specimen (a t])ii*d np]r>er 
molar), all the other specimens fall within the limits of known 
variation of li, angustulens. The type tooth has only three 
ridges instead of four, and is of a more pronounced triangular 
shape than the tliii-d molars just described. Bchlesinger has 
made the tentative suggestion that it may be a four-ridged tooth 
with the front ridge broken away t; which h.ns been misinterpreted 
as a complete three-ridged one. This, of coui-se, is possible, and 
fractured specimens of pi*oboscidian teeth witli extraordimirily 
little evidence of the fractured surface are not lure. On the 
other hand, the broken edges of these teeth all show a convex 
anterior border, whereas the presnuieil line of fmcinre in the 
tooth under discussion is decidedly concave. The normal froy^t 
border of these teeth seems to be convex in unworn specimens, 
whicli in fully-developed teeth may beconio flat or concave by 
pimsure of tlie tooth in front. If Pilgrim^s specimeji \>e an 
entire one, there remain alternative explanations. Either it is 
an abnormal specimen, or Pilgrim was correct in making a generic 
distinction for it and keeping it apart from the genns Bnvo- 
lophodon. In neither case is there any proof for or against 
his view, except tlie negative evklence of twt> seasons’ collecting 
over the same ground, which has produced nothing to confirm 
the genus Ifemimmiodon, while the more ordinary varia-tions of 
Biionolophodon angmtide'ns occurred in fair quantity. 

The right and left fragments of the lower jaw are in precisely 
the same stage of wear as the older of the two palates, and are in 
all probability parts of the same animal. The fonrtlj premolar 
and first molar are well worn, the second has the firsf. two ridges 
in wear, and a complete third molar lies in the alveolus. 

Comfyared with a specimen in the British Museum, the 
mandible (text-fig. 2) is not only smaller, but gives the impression 
of having been considerably shallower than is usual ; it compares 

• Pilffraa* cH. t Xoe. fit, p. 48. 

J A tliird lower molar inirus the first ridge* would give a sliapi* very close to 
that figurwl In’ Pilgrim. 

42 * 



Texfe-figrur^ 2. 



'»auHident. 
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more closely with Schlesinger’s figure of a specimen a rather 
older animal, which is named var. mbtapiroidea^ but which is 
noted as not typical. 

The third lower molar of this present specimen agrees, however, 
neither with those figured by Schlesinger for var. iijpica t, nor 
for var. auhiapiroideaf^ nor with any of the con* * * § esponding teeth 
of angitstidena in the British Museum collection or at Cambridge. 

On the other hand, there are four specimens of third lower 
molars in the present collection which agree in a certain point 
among themselves and also with that described by Lydekker as 
the type tooth of var. palcnifidica^ 

There are the usual four ridges and small talonid. Each ridge 
is formed of two cusps, each cusp being unequally divided into a 
large outer and small inner one, the two smaller cusps lying towards 
the middle line of the tooth, and thefour cusps which constitute the 
ridge are arranged in a straight line at right angles to the long 
axis of the tooth. The only exception to the division of the cusps 
is that the inner cusp of the fourth ridge is practically undivided. 
So far these characters approximate to those of subiapiroidea ; 
the first and second valleys, however, have each a large cusp 
standing up sej)arateiy in unworn s|:>ecimens from the ridges, but 
showing in worn specimens as being more connected to the 
anterior ridge than the posterior; the third valley in this speci- 
men has no cusp visible. This arrangement does not appear to 
be that of Schlesinger’s var. tapirovlea, A reference to his 
figures shows that it should have the valley cusps small or 
absent t and tlie main cusps clearly divided, while in var. typica 
the main cusps are less clearly divided and the valley cusps are 
prominent. There are, moreover, two cusps to each valley, the 
anterior being derived from the posterior flank of the external 
cusp of the anterioi- ridge, and the posterior from the anterior 
flank of the corresponding cusp of the posterior ridge §. 

A specimen of a small form of typica from Sansan, in the 
Cambridge Museum, is figured for comparison with the Indian 
forms (PI. III. fig. 1). 

Either of these forms can be matched by specimens from the 
Middle Miocene of France in the British Museum collection. 
The valley cusps may be large or small, but always show the same 
tendency to be two in each valley. The Indian specimens all 
show single cusps in the valleys, large in the first, smaller in the 
second, and in the thi»d valley may even be absent. 

Lydekker || states that var. palmindica is separated on account 
of a “ somewhat greater development of the accessory columns.’* 

* Schlesiugcr, loc, cit* pi. v. figs. 1 & 2. 

t cit, pi. viii. 

T Tins is bf*st shown in his fig. 1 of plateyiii. 

§ This arraitgeiiient can clearly In* 8<*on in his fig. 4 of plate viii,, where n string, 
used to support the siiecimeu, runs between the two cus|)8 in the second valley of the 
tooth. 

II Cat. Foss. Mamm. British Museum, vol. iv. p. 29. 
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It is, liowever, not so much that the cusps are necessarily more 
developed, as that their comparative isolation from the ridges is 
the point that strikes the eye. Ami a greater character is the 
fact that they are single in each valley. An absolutely unworn 
third lower molar similar to the tooth in the jaw de?scribed above 
is here figiii*ed (PI. TI. fig. 1 and toxt*fig. 3), but being in better 
condition, it shows the characters more clearly. 

Of European forms in the collection of the British Museum, 
the nearest approach in genernl appearance to the Indian teeth 
is a <lamaged specimen with the first ridge arul front part of 
the second broken away (PL II. fig. The main cusps were 
probably divided as in the Indian specimen, but the divisions 
have become obliterated by slight wear. The thiid ridge shows 
the presence of the second valley cusp, which is small but enough 
with the larger anterior one to close the valley. The third 
valley is similar to the Indian specimen in having only one cusp. 
The talon of the Indian specimen is very small and consists of 


Text-figure 3. 



two cusps only, and this is rather a feature of the Indian teetli, 
which have either two or never more than three cusps on this 
ridge. French foi'iu.s seem to have three or four cusps as in the 
specimen figured, wdiile 8chlesinger figures * four molars, two of 
subtapiroidea with two cusps, one of lyjnca from France with two, 
and one of typica witli thi*ee. On the whole, the Indian lower 
teeth seem to come more under SchlesingeFs heading of typicci^ 
while the upper teeth a})j)roach that of mhiapiroidm^ . 

A larger and more worn third lower molar (text-fig. 4) is 
figured which shows a <li.stinct curvature of the lateral borders. 
This curvature Lydekker has quoted as one of the characters of 
var. pahmulicay but the presence of perfectly straight teeth in 
these <leposits shows that it has no great significance. On the 
other hand, it .shows very clearly that the valley cusps are single. 

* Schlesingor, lor, c*;.])!. viii. 

t la one case the upper and lower teeth belong to one individual, which renders 
his distinction of less value. 
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It is not unlike Lydekker’s figured * specimen (text-fig. 5), except 
that in the latter the cusps of the transverse ridges are not 
straight across, but are bent up in the middle line in the third and 


Text-figure 4. 



Hutioloph«<lon anguitidf.t. Tliird lowor moliir. X i’. 

especially in the fourth ridges. After making allowance for this, 
his form can be seen to fall in with the other Indian teeth here 
described. As this complete singleness of valley cusps does not 
seem to occur elsewhere, it seems that Lydekker’s view that the 

• Mom. Geol. Surv, Ind. vol. iii. pi. *, fig. 8. 
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Indian specimens form a separate vfuiety on this character is to 
some extent justified and has at least as much to commend it, 
in the present state of our knowledge, as have the varieties 

Text-figure 5. 



Sunolophodon angustidens. Outline of the type-specimen of var. palaindica, 
figured by Lydekker. X f . 

tj/pica and suhtapiroidea, which appear to have intermediate 
stages between them. 

“ Species’’ and “subspecies’’ have little significance in palteon- 

A close approach, however; to the Indian teeth is figured by Wegner (Pala*on- 
tographica, \ol. lx. 1913, pi. xv. figs. 3 & 4). This specimen is more advanced in 
its larger talon, and has u number of accessory cusps in the first valley. The second 
and third valleys, however, are like the Indian form except that the cusps of the 
fourth ridge are fully divided into two each. Wegner’s specimens, an upper as well 
Hs a lower molar, come from the Upper Miocene of Doppeln, and though more 
advanced than the Indian form, arc constructed on somewhat the same plan. Wegner 
notices the same difiereiice between his fonns and specimens from Sansau as is 
noticed liei'e. 
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fcolo^y except for descriptive purposes, and as other material 
becomes available from new sources, all these distinctions will be 
merged in the njnssof small variations from which new mutations 
will eventually arise. Moreover, but few specimens of angmtidem 
have, as yet, been obtained from India, and additional material 
is required to show whether the diflFerences here noted are con- 
stant or not. 

Text-figure 6. 



Bunolophodon angustideiu. First lower molar in side view. X 1. 


Of tlie other lower teeth, the second molar is rather different 
from a French specimen from Simon*e (B.M. No. 42720) in being 
longer and narrower in proportion, in the more widely open valleys, 
and in the greater prominence of the talonid ridge, where the two 
cusps stand up veiy prominently (text-fig, 2). Of first lower 
molars there are several specimens, one of them (text-fig. 6 and 


Text-figui*e 7. 



Bunohjahodatt angmtideM. First lower molar (B.M. No. 20671) from Simorre, 
in side view. X 1. 

PI. IV. tig. 1) absolutely unworn. Compared with two specimens 
(text-fig. 7), also unworn, from Sansan and Simorre rest)ectively, 
the In(Uaii tooth is rather longer for its breadth and is widest at 
the last ridge; the valleys, as in the other lower molars, are 
less blocke<i by the accessory cusps. The talonid is formed of two 
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well-marked cusps, a feature of all the Indian teeth, whereas of 
the European forms here comparefl, one has three cusps and the 
other a low ridge of eight or nine wrinkles. The valleys are 
more open and the ridges lower. The accessory cusps in the 
second valley are much lower. 

There remain for a brief notice several ends of lower teeth, 
apparently third molars, which are of unusual form. They all 
resemble the one figured (PI. III. fig. 2) in the buckling up of 
the last ridge and in the curious structure of the talon id, which 
is formed of four cusps of different sizes pressed together into a 
conical hillock. The valley between the last ridge and the talonid 
is widely open and without any accessory cusp. This condition 
I have not been able to match at all closely, although some 
specimens of B. longirostre approach it. The teeth are the 
average size of B» atigustidens. Whether they represent another 
form or are within the range of variation of the latter species 
cannot at present be told. 

Dinotherium. 

This genus was first described from India by Falconer who 
named a specimen from Perim i>. indiciim. Its specific characters, 
according to him, lie in the shape of the jaw, there being no 
difference from D, giganteum in the teeth except a greater thick- 
ness of the enamel. 

A second form, smaller than the first, from Attock was men- 
tioned, but not definitely named by him. This was subse- 
quently called /). pentapotamicF by Lydekker t. In the Catalogue 
of Fossil Mammalia in the British Museum t, presumably his 
final opinion on the subject, he included the two forms under the 
name indictim^ and stated that many of the differences previously 
used by him had proved to be individual variations. 

Another “ species,” T), aindiense (Lydekker), is too fragmentary 
to afford any evidence of a specific character. 

More recently Pilgrim has mentioned this genus. In the 
Records § of the Indian Geological Survey he names a form from 
Baluchistan JJ, iiaricum, there stating that “it differs very 
markedly from the othei* * * § known species,” and giving certain 
characters. In his Memoir ||, however, he withdrew this name 
and made the form a variety, gajense of />. pentapotaniice, although 
Lydekker had already shown cf<use for making the latter the 
same as /). indimm. 

Presumably Pilgrim’s reasons for making his foi’in a variety 
were those by which he was at first inclined to make it a species, 
i.e, the fact of the ridges in the last lower molar not being parallel 

• * Falconer’s Menioiri:!,’ vol, i. p. 408. 

f Pal. Ind. ser. x. vol. i. pt. 2, p. 72, pi. ix. 

T IH. iv. p, 11, and footnote. 

§ Pilgrim, Kec. Geol. 8urv. Ind. vol. xxxvii. p. 166 (not vol. xxxviii. as quoted by 
Pilgrim in bis Memoir). 

II Pilgrim, Mem. Geol. Surv. Ind., ii. s. vol. iv. no 2 (1012). 
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to one atiother, but diverging from within outwards, etc. In the 
sante paper he gives characters in which he considers the Indian 
forms differ from D, giganteum. These are : — 

1. The longitudinal ridge connecting the transverse crests in 
the molars is very much stronger in the Indian forms. 

The present writer is unable to see this difterence in speci- 
mens in the present collection, nor can the published figures 



of Indian forms be said to show any great difference in this 
respect from Euro|)ean specimens in the British Museum 
collection. 
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2. The transverse valley in the second upper molar is com- 
pletely blocked on the inner side, and 

3. The inner posterior column of the third upper premolar is 
more isolated than in gigantemn^ in which a ridge in continuation 
of this column extends right across the valley. 

These two characters seem to be within the limits of varia- 
tion of European forms. A third u|>per premolar from 
Darmstadt (B.M. collection, No. M. 3494) has the column 
quite isolated. 



'i'he material of the present collection from the Bugti beds is, as 
is the common experience, both scanty and fragmentary, and 
consists only of part of a lower jaw and some separate upper and 
lower teeth. The lower jaw (text-figs. 8 & 9) belongs to a small 



PROBOSOIDIA FEOH BALUOHISTAK. 


623 


form, and in size and structure compares closely with D, hobleyi 
The third ridge of the last molar is not parallel to the front ones, 
but slopes at an angle similar to that found in J9. hobleyi and 
D, IcBvius, 

Of the separate teeth, none shows any great difference from 
specimens of European foi^ms with which it has been compared. 
An upper molar, probably a second, is here figured (text-fig, 10). 

Text-figure 10. 

A. B. 



Dinotherium sp. Second upper molar, A. Surface view. B. View from 
inner side. C. External side. I>. Posterior view. X f. 


There is nothing in it which can be construed as a ** longitudinal 
ridge, nor is there anything in the nature of a cusp blocking 
the valley” which has not been found within the range of 
variation of European specimens. A third upper premolar 
(PI. lY. fig. 6) 18 also figured to show the sepamtion of 
the inner cusps said to he characteristic of the Indian forms, 

♦ Apdi'ows, P. Z, S. Ipli, 
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but which, as has just been stated aliove, 000111*8 also in 
D, gigantmm^ The remaining teeth in the collection are not 
distinguishable from the smaller forms from Europe, and call 
for no comment except for three specimens. Of these, one appears 
to be an anterior lower milk molar (PI. IV. fig. 4 and text-fig. 11 ), 
a tooth which apparently has not so far been noticed. It is 
24 mm. long and 21 wide, and consists of two ridges, one running 
from the middle of the inside border round the front and along 


Text-figure 11. 



Dinotherium sp. Anterior lower milk molar, interiinl \ie\v from side. X 1.‘ 

the whole outside border, but being interrupted by a small notcli 
towards the front of the outer border; the second ridge runs 
transversely across the hinder part of the tooth from a high cusp 
on the inner side towards the outer border. The tooth is pointed 
in front, wide behind, and triangular in ground-plan. Posteriorly 
there is a small cingulum shelf and anteriorly a small cingulum 
cusp. 

Text-figure 12. 



8p, incert€B aedig. Side view of tooth, the anterior end pointing to the rij^ht. X 1. 

The next tooth (PI. IV. fig. 5) is apparently a third upper 
premolar, but of unusual form. It is partially worn, and shows on 
one side two low cusps not touched by wear; opposite these 
are two large irregular areas of wear. There is no cingulum 
around these cusps, but a small one at each “ end ” of the tooth. 
In the plate the two low cusps are placed in the same position as 
the ectoloph of the more normal premolar (broken in this speci- 
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men) (PI. IV. fig. 6) when the main differences appear to be the 
low ectoloph and general deficiency of cingulum. Probably it is an 
abnormal tooth. The third specimen (PI. IV. fig. 7 and text- 
fig. 12) is even more problematic. It is bilophodont, 36 mm. 
long and 28 mm. broad ; each ridge consists of two cusps joined 


Measurements of specimens^ in millimetres. Approximate 
figures are marked with an asterisk. 


UUNOLOPHODO?* ANOUBTIDBNS. 

Lower teeth. 

3r(l molar. Ualncliistaii 3 and PI. II. fig 1) 

,, M (toxt-fig. 4) 

„ (tovt-fig. 2), ill jaw .. . 

, „ damaged speeitiiofi 

,, Auvergne. H.M. No. M.6975 

„ Saiisaii. H M. No. 40729 

„ „ RM. No. 37212 rt 

„ „ CauilM-idgo Museum (PI. III. fig. 1) 


2nd molar, Ralucliistan (text-fig. 2), in jaw 
„ Sansan. R M. No. 42720 

„ R.M. No. 40729 

„ „ R.M. No. 37242 


I^ength. I Breadtii. 


143 

64 

162 

67 

168 

65* 

143* 

64* 

159 

68 

167 

68 

180 ‘ 

73 

135 ! 

64 

99 

55 

107 ! 

63 

93 j 

01 

105 1 

62 


1st molar, lUlucliistjiu (text-fig. 6) 

Sansaii. RM. No. 1073 1 * 
„ Hnnorre P..M. No. 29«71 
„ I- India. H.M. No. M 2893 


78 

91 

82 

71 

71 


46 

46 

49 

43 

38 


Upper teeth. 

3rd molar. Ralucliistan (PI. I. fig, 1) 

„ Sansan. R.M. No. 32634 

,, (MicmIIv. RM, No. 7121, a cast 

2nd molar. Raluchistnn, older palate 
„ „ rounger palate 

(PI. I. 2) 

1st molar. Ralucliistan, younger palate . . 

The width ol the palates between the front of the second 
molar is about 05. 

DiNOTirsBirM sp. 

Third lower molar 

Length of fragment of lower jaw (text -figs. 8 & 9) 

First niiiHU molar . . 

S(‘Cond upper molar (text-fig. 19) .. ... 

Third upper molar ... 


128 

162 

167 

96 

98 

112 

79 


77 

365 

6t 

63 

70 


72 

79 

78 

57 

67 

06 

49 


56 

52 

62 

66 


together transversely. The anterior ridge is thick ami somewlmt 
pointed in front, the posterior ridge is tliin and slightly concave 
in front, the enamel is smooth and there is no ti*ace of cingulum. 
It has been compared with all forms of bilophodont teeth in the 
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collection of the Briti8h Museum without result ** It is certain 
that it does not belong to any known form of Dimtherium^ and 
yet it is to teeth of that genus alone that it can be compared. 


Summary. 

The Probo8cidi|L of the Bugti beds of Baluchistan consist of 
a form of Bunohphodon anguatidem and a small Dinotherium, 
The Indian A anguatidena is of a small type more primitire 
than the French forms from Sansan, nearer to Schlesinger^s form 
aubtapiroidm than his form tgpica^ but not identical with it. 
Lydekker’s subspecific name var. palmmdica may be retained for 
the present until intermediate forms are found to occur. The 
genus Bemmiaatodon is not supported by material in the 
collection. 

The Dinotherium is not found to differ from the smaller 
European forms nor from 1), hohUyi of Africa, and it is doubtful 
ill the present state of knowledge whether the Indian Dinotheres 
are separable from the European. 

EXPLANATION OP THE PLATES. 

Plitk I. 

Fig. 1. Bunolophodm anguatidens. Third upper molar. 

2. „ „ Second upper molar. 

Both dgiires ere reproduced about 'i natural nIko. 

Plate IL 

Fig. 1. 1iunolophod<m angustidens. Third lower molar. 

2. „ „ liicompleti* specimen from Sansan. (B.M.No. 

32633.) 

Both figures arc reproduced about J natural size. 

Plate III. 

Fig. 1. Bunolophodon anguatidena. Third lower molar from Sansan. (Cambridge.) 
2. M {anguatidenar). Terminal part of a thiitl low^er molar. 

Both figures are reproduced about f natural size. 

Plate IV. 

Fig. 1. Bunolophod<m anguatidena. Unworn first lower molar. 

2. „ „ Fourth upper premolar. 

3. „ „ Third upper premolar. 

4. Dinotherium sp. Anterior milk molar. 

6. „ Third upper premolar. 

6. „ „ P Third upper premolar of unusual type. 

7. Sp. incerta aedia. ? Ah anterior preinolar. 

All figures are reproduced n shade under natural size. 


♦ Such as Liatriodon etc. Ij»dia has produced animals with very unusual denti- 
tions such as Tetraconodon ; the present 8|>ecimen may belong to yet another 
strange form. 




P. Z. S. 1922, HARMER, PI. I. 













SIR SIDNEY HARUBR ON COMMERSON’s DOLPHIN. 


627 


32. On Coininerson’s Dolphin and other Species o£ Cepluilo- 
rht/nchus. By Sir Sidney F. Harher, K.B.E., Sc.D., 
F.R.S., F.Z.S., Director of the Natural History Depart- 
ments of the British Museum *. 

(Plates I-III.t) 

[Received May 17, 1922 : Read May 23, 1022.] 

The literature of the Cetacea incUiiles numerous specific names 
which are of little use to science, owing to a want of knowledge 
of the animals to wljich they were originally applied. Many 
descriptions are based on external features alone, while others 
depend exclusively on osteological characters. The correlation 
of these two kinds of description is ditficult and often impossible, 
and there is probably no group which includes a larger proportion 
of doubtful species than could be found in a complete list of the 
names which have been given to Cetacea. 

Under these circumstances I have felt much satisfaction in 
being able, as I think, to rescue one of these doubtful species 
from its present position. In 1804, Lac6pede (pp. xliv, 317) gave 
a brief description of a Dolphin which had been observed by 
Commerson, near Tierra del Fuegoand in the Straits of Magellan, 
during Bougainville’s voyage round the world. Commerson s 
MSS., addressed to Buftbu, by whom they were sent to Lacep^de, 
included a diagnosis of this Dolphin : — “ Tursio corpore argenteo, 
oxtreiuitatibus nigricaiitibus.’* It is further stated that the 
black colour appears only on the “ extremities,” and that the 
bac;k and almost all the surface of the animal shine like a 
polished surface, white and, so to speak, silvered. These 
Dolphins, somewhat inferior in size to the Common Porpoise, 
were observed, during the Southern summer, playing I’ound 
the vessel, and were described as being among the most 
beautiful inhabitants of the sea. They were given the name of 
Le jacobite,” obviously in allusion to their striking black and 
white colour. 

Quoy and Gaimard (1824, p. 87) mention a Dolphin, ‘^moitie 
blanc, moiti4 noir, k museau peu alongd,” which they saw at the 
Falkland Islands. A specimen was killed, but it sank iinme> 
diately. Lesson (1827, p. 181) states that during the voyage of 
the * Coquille ’ they only once observed, at the Falkland Islands, 
the Black-and-white Dolphin of Quoy and Gaimard, and that every- 
thing autlMjrised him to think it was the Delphinus commersonii, 

* Published by pemission of the Trustees of tlio British Musouin. 
t For explanation of the Plates, see p, 638. 

Proc. Zool. Soc.— 1922, No. XLIII. 43 
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Other authors of the early part of the last century are unable to 
do more than quote the original account, although Gray (1846, 
p. 30) surmised that this Dolphin might be identical with his own 
Beluga kingii. 

The external characters of the species which forms tho special 
subject of this paper were admirably figured by Moreno (1892, 
ph ix.), who described it (p, 385) under the name of Lageno-- 
rhynchus floweri, and gave satisfactory figures of the skull 
(pL viii.). It was first observed by him, in October 1874, in the 
bay of the River Santa Oruz, which is on the Patagonian coast, 
almost in the same latitude as the Falkland Islands. It was 
seen in hundreds on certain occasions, but no specimen could at 
first be obtained, although a female, the original of tlie three 
figures of the larger individual shown in pi. ix., was secured from 
the same locality in December 1876, and two otlier specimens 
were obtained from Tierra del Fiiego or Santa Cruz in 1884. 
The colour-markings were identical in all the specimens. The 
individual whose external measurements are rc'corded was 138 cm. 
in length, and the total length given for the skull is 28 cm. 

It is unfortunate that Moreno’s specific name, which was based 
on a good and well-illustrated account of external and cranial 
characters, cannot be accepted. It must be regarded, 1 think, 
as a synonym of Delphinns commersoniiy whicl), although 
described inadequately and without illustrations, appea-r.s to be 
perfectly recognisable in the light of the evidence now available. 
Not only were Commerson’s and Moreno’s specimens from 
substantially the same locality, but the silvery colour, with black 
confined to the “ extremities,” described by the earlier observer, 
is equally noticeable in Moreno’s figures, which represent an 
animal mainly white, with the head, tail, flippers, and dorsal fin 
black. 

The only other actual description of this animal with which I 
am acquainted is that of the late Dr. W. S. Bruce (1915, p. 500, 
pi. i.), who shows the external characters of a specimen, 4 ft, 4 in. 
in length, which was obtained by him in 1893 at Port Stanley, 
Falkland Islands. It was referred, doubtfully, to Lagenorhynchus 
ervAnger (d’Orb. & Gerv.), and it was styled the ‘‘Piebald 
Porpoise.” Dr. Bruce records a number of positions to the 
south of the Rio de la Plata at which Dolphins believed to be 
“ Piebald Porpoises ” were observed from the ship. 

It is shown by the records of Moreno and Bruce, as well as by 
the new evidence now submitted, that a Porpoise characterised 
by its strongly contrasted black and white colours arranged in a 
very definite pattern, is common in the neighbourhood of the 
Falkland Islands and of Tierra del Fuego. I think there can 
be no doubt that this Porpoise belongs to the same species os 
the “ Jacobites ” which played round Bougainville’s ship in the 
Straits of Magellan, and were observed later at the Falkland 
Islands by Quoy and Gaimard, and by Lesson. 
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Lioiiville (1913, p. 165), in a discussion, iiiuler the heading of 
Lagenorhynchua fUzroyi^ of certain Dolphins which liave been 
recorded as Z. craciger or by other names, comes to the conclusion 
that a number of conspicuously marked Southern Dolphins, 
recorded under various specific names, are coloiir-vaiieties of a 
single species. Whether this view be correct or not, the con- 
conlant evidence derived from several distinct sources, with 
regard to Commerson's Dolphin, shows that this species at least 
is remarkably constant in the position of its areas of black and 
white. It may be suggested that these striking markings have 
the protective value which has been ascribed to the “disruptive” 
type of coloration in animals. As seen in the water, the white 
aim probably divides the body into two parts which seem to 
have little, if any, connection with one another. The Dolphin is, 
in fact, effectively camouflaged, and perhaps the protection is 
specially successful in water liable to contain floating ice. The 
principal enemy of Cominersons Dolphin is probably Orcinus^ 
the Killer Whale. 

The British Museum has recently received the following 
material, referable to the genus CephalorhyuchtiSj in wdiich I 
place Delphinus commersMiii Lagenorhyibchus floireri 

Moreno and L, cruciger Bruce, nec auctt.) : — 

A. An eviscerated male specimen (in salt), 4 feet 6 inches long, 
captured in Stanley Harbour, Falkland Islands ; presented by 
Mr. J. E. Hamilton, Magistrate of West Falkland, who stated 
that the stomach contained “krill” (the Norwegian whalers* 
name for the small Crustacea, which form the food of Whalebone 
Whales) and the pens of cuttlefish. The vertebral epiphyses are 
(piite free, and the animal was accordingly immature. 

B. A skull, with lower jaw, jacked up on the shore of Byron 
Sound, West Falkland ; presented by Mr. Bupert Vallentin. 

C. Two photographs of a specimen stranded in the Falkland 
Islands on another occasion; presented by Mr. Rupert Vallentin, 
who stated that these Porpoises are fond of basking in the beds 
of JIacrocyatia when the sun is shining, and that he knew of no 
other species in that locality. 

D. A note-book, lent by Mr. Lionel E. Adams, containing 
observations on Dolphins observed by him from a ship in the 
Straits of Magellan, together with a small photograph showing 
two of them in the air during a jump out of the w^ater. The 
note-book included an excellent sketch, completely agi’eeing with 
A. and C, and the passage “Jet black and pure white (no 
“shades). I did not see any variation in the markings of one of 
“the hundreds that played about the ship.” 

The following notes were made on Mr. Hamilton's specimen 
(PI. I, figs. 1 & 2) before its skeleton was prepared. The skin, 
although somewhat abraded, showed the external coloration 
perfectly distinctly. 


43 * 



630 


SIR SIDNEY HARMSR ON COMMERSON’s DOLPHIN 


Colour, — Jet-black and pure white, the principal white area 
shading to some slight extent through grey to the black areas in 
front and behind (as in Moreno’s pi. ix, fig. 1), but the junctions 
of the two colours otherwise very sharply marked. The black 
occurred on the whole of the head and lower jaw (interrupted 
ventrally by a pear-shaped, median, white area on the throat), 
extending backwards obliquely from the sides of the head to the 
pectoral fins, which were black on both surfaces, and wa-s 
continued across the ventral side as a broad band, behind the 
white marking on the throat, this band giving ofi’ an acutely 
pointed median prolongation backwards, betv^een the flippers. 
The tail, including the flukes on both surfaces, was black all 
round, for nearly a foot from its emargination, and this colour 
was continued forwards obliquely on the back beyond the dorsal 
fin, but separated by a white interval even in the mid-dorsal line 
from the black of the head. A large heart-shaped black area 
surrounded the reproductive opening, and was observed by 
Mr. Hamilton in another male specimen examined by him. The 
white part of the skin consisted of {a) the median ventral area on 
the throat, (fe) the main white area encircling the body obliquely, 
much more developed ventrally ihan dorsal ly, and including 
most of the ventral and lateral regions of the body. 

Mr. Yallentin’s photographs (PL 1. fig. 3 ; PI. II. fig. 1 ), one 
of which shows that the specimen was a male, correspond in 
every essential detail with the above description. Mr. Adams's 
sketch (D), which represents animals seen in the sea, agrees closely 
with the others, but from the conditions under which it was 
made, it is not surprising that it does not show any black area 
round the reproductive opening. His photograph shows two 
living animals in the air, as seen from the shij), and it suggests 
the idea of a Porpoise “moitie blanc, nioitic^ noir,’' as descnb<*d 
by Quoy and Gaimnrd, 

• Neither Moreno nor Bruce shows a hrocul black marking round 
the reproductive opening, Moreno's ventral view’ indicates, 
however, a narrow, longitudinal, black mark in this situation, its 
posterior third being nearly constricted off from the front 
portion. The specimen was a female, and the question arises 
w’hether the individuals of this sex normally have a ventral black 
marking narrower than that of the male. One of Bruce’s figures 
(the lowest in the Plate) of an animal of unrecorded sex gives 
.^ome indication of a constricted, narrow marking like that shown 
by Moreno. 

External form , — The head of A had no beak distinctly outlined 
from the remaining portion, but was nearly conicfil. The dorsal fin 
had an elong«ated base, and was low and rounded, with but little 
indication of a falcate shape. The flippers were also more 
rounded at their ends than in most Dolphins. These characters 
point to Cephahrhynchns (cf. True, 1889, pp. 108, 176), and this 
conclusion is confirmed by the cranial characters. 
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External rneaeuremenis of Mr. Hamilton's specimen (A): — 


Cm, 

Total length 137* 

Dorsal fin (middle) to tip of snout 81 

„ „ ( „ ) to emargination of tail 63*5 

„ „ length of Iwise 22*8 

Flipper, length, from axilla 16*5 

„ „ inferior border 23*5 

Oape, length of, from tip of upper jaw ... 16*5 

Snout to blow-hole 20*3 

Tip of lower jaw to (middle of) umbilicus.. 64 
Umbilicus to reproductive aperture f ... . 14 

Reproductive aperture to anus 18*5 

Anus to emargination of tail :.... 40*5 


The characters of Gephahrhymhua Gray were re-defined by 
Flower, in his well-known paper on the Delphi nid«j (1883, p. 473), 
the type-species being Gray, 1828. In his 

Review of the DelphinidfC, True (1889, j^p. 108, 176) recognises 
four species of the g^uis — the type-species from the Cape of Good 
Hope, C, alhifrom True and C, hecton Van Beneden from 
New Zealand, and G. euiropia Gray from Chili. In 1893 and 
18J)6 several new Dolphins from Chili were des(‘ribed ))y R. A. 
Philipj)i. His two papers were later criticised by True (1903), 
who expressed the opinion that Phoavna or Tnraio nlhiventris 
(Perez, MSS.) Philippi, 1893, 1896, is a synonym of G, entropiuy 
and that Torsio platyrrhlnm Philippi, 1896, is probably the 
same species. Tarslo GpanopeX Philippi, 1896, was not thought 
by True to be referable to Gephalorhynchas, but it seems possible 
that it may also belong to this genus. 

The external characters have been described in Cephalorhynchus 
heaviskUi, C, albifrons^ G, hector^ mul G, cdbiveniris, C. etUropia, 
(\ jdaiiiri'hinuSf '( C. panope^ and ? (7. chiloemis are known from 
(Munial characters alone. 

The Bi’tish Museum possesses the type-specimens of G, 
tropia^ and G, heavisidei. The skull of the latter was inside the 
mounted skin when Flower wrote his revision of the Delphinida^ 
in 1883, It has since been removed, and although defective 
in the occipital region, it is otherwise in good condition. 
The following table gives measurements of the skulls in the 
Museum : — 

♦ The lueasurcment i^corded by Moreno is 138 cm., and that given by Druce is 
132*2 cm. 

t The distances between the apertures were in each case measured from their 
middle points. 

X Philippi (1901) later descrilied a new Dolphin, Tur$io ? chilohms^ from Chili, 
which he stated to have resemblances to T. panope, 

§ Figured by Gray 1846, pi. xxxiv. figs. 1, 2; see also Gray, 1866, p, 262. 
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C. commeraonii. 



Cf. Flower. 
P.Z.S. 1883, 

p. 608. 


I ^ 


1. Total length (contimeties) 

3()*3 

29*8 

20 :* 

29*0^ 

2. Rostrum, length 

19 5 

14*0 

11*0 

13*2 

8. „ width at bas(' 

8-3 

7*3 

6*5 

0*8 

4. „ „ opposite 2ud tooth 

from hind end 

7-7 

6*5 

6‘2 

6 9 

6. „ „ at middle 

7 0 

6*3 

6*2 

6*1 

6.. „ vertical depth, at middle of ^ 

tooth-row 

1*7 

1-0 

1*6 

1*6 

7. Tooth-row, length of . . 

10*8 

12*3 

12-.1 

11-6 

8. Maxilla, right, posterior eximnsion of, 
length 

10-5 

10*9 

11*2 

10*4 

9. Do. do. width (middle 

of orbit to nares) 

G'5 

*6*2 

6*0 

6*1 

10. Do. width at jiosterior end of 

tooth-row . ... 

2*2 

1*0 

1*5 

1*3 

11. Preraavilla, right, widtli at posterior 
end of tooth-row 

1*7 

1-8 

1*5 

1-8 

12. „ „ u idth behind iiares 

13. Orbital width (at front of orbit) . 

151 

12-7 

12*1 

1*2 

12*9 

14. Glenoid width 

10*7 

14*0 

11*8 

14*6» 

16. Greatest height of skull 

14 3 

13-2 

13 2 

13‘0* 

10. Mandible, length 

300 

23-0 

23*0 

a2-s 

17. „ condyle to posterior end of 

tooth -row 

13*6 

10*8 

11*«) 

11*0 

18. „ depth, at middle of 17 

6*8 

4*8 

4*0 

4*3 

19. „ „ at iwsterior end of 

tooth -row 

3 7 

3*3 

2*9 

2*0 

20. „ „ at middle of tooth- 

row 1 

2*2 

1*9 

1 

1*7 

1*6 

' . 

1 

1 

1 

- 

' - - 

Peuckmaoks. j 

1. Total length 

1(K)*0 

1(X)*0 

100*0 

; ioo*u 

2. Rostrum, length 

63*7 

47*0 

47*6 

j 45*5 

4. „ width opposite 2nd tooth ! 

from behind ... 1 

: 21-2 

21*8 

21*0 

20*1 

7. Tooth-row, length of 

46*3 

41-2 

41*7 

40*0 

8. Maxilla, right, posterior expunsion, ' 
length 

1 

29*0 

30*5 

38*0 

35*9 

9. Maxilla, right, posterior expansion, | 
width 

17*9 

20*8 

1 

j 20*4 

17*6 

18. Mandible, depth, middle of part beliind 
teeth 

16*0 

KVl 

! 

j ]5*6 

! 14-8 

1 


* Estimated (skull imperfect). 


The external characters of Mr. Vallentin*s Dolphin were not 
definitely known, although he himself had no doubt that the 
skull belonged to the species shown in his photographs. Com- 
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parison of the skull with the other Falkland Is. specimen 
confirms this conclusion. The only diflference of impoi*tance is 
that the rostrum of Mr, Vallentin^s specimen (B) is distinctly 
narrower at its base than is that of Mr. Hamilton’s skull (A). 
Flower (1883, p. 469) stated that the rostrum becomes longer 
and wider, in proportion to the brain-case, in older Dolphins. 
The skull B has an unfinished appearance in the region of the 
base of the rostrum, as if growth were there incomplete ; and 
the notches in the maxillae are wider than in A. The two skulls 
are practically alike in their orbital width, and by an addition to 
the rostrum at its base, B would become similar to A in the width 
of this structure and in the reduction of the maxillary notches. 

C, eutropia and Philippi’s three species alhiventris^ platyr- 
rhinus, and pavope agree with one another in having a rostrum 
which in length exceeds 50 per cent, of the total skull-length. 
The tooth-row is also relatively long in the same species, the 
percentage in C. eutropia (type) being 46’3, as shown by the 
preceding table, and ranging from 40*0 to 51*5, as shown by 
Philippi’s measurements, in the other three species. C, cornmer- 
8onii agrees with (J, heavisideiy and differs from the other four 
species, in having a rostrum less than half the length of the 
skull, and a shorter tooth-row, not exceeding 42 per cent, of the 
skull-length. The skulls of the two species are also absolutely 
smaller (29-30 cm.), C. eutropia having a skull more than 36 cm. 
long, and those of Philippi’s three species ranging from 33*0 to 
39*5 cm. 

Although r. covimersonii has a considerable resemblance to 
C, heavisidel in cranial characters, 1 have noted the following 
differences in the skulls available for comparison (PI. II. figs. 2 
4c 3). The skull of 6'. heavisidet has previously been figured by 
Schlegel and by Van Beneden and Gervais, as pointed out below ; 
and that of 0, coinmei'sonii by Moreno (1892, pi. viii.). 

Premaxilla, — The outer edge of this bone, in Cephalorhynchits 
generally, forms a prominent elevated ridge in front of the 
anterior na res (Flower, 1883, p. 473), In C. comiueraonii the 
left hone is not prolonged behind this ridge, that of the right 
side forming a slender splint passing towards the nasal of its 
side, but not reaching it. Moreno’s fig. 1 a seems to agree in 
this respect. In C. keavisidei tliis posterior process is consider- 
ably larger in the left preniaxilla, and still larger in the right 
bone, where it is 12 min, wide and touches the nasal, passing 
back to about the middle of its length. (7. eutropia resembles 
(7. keavisidei in these respects, except that the right premaxiHa 
does not reach the nasal, from which it is 11 mm. distant. The 
floor of the depressed triangle in the premaxill«e, in front of the 
anterior nares, is flatter in C, commersonii than in C, keavisidei, 
where it is slightly concave. The width of the premaxillce in the 
front half of the triangle is distinctly greater in C, keavisidei 
than in the other species, and the maxillte are here corre- 
siiondingly narrower. 
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Maxilla, — commeraonii seems to be characterized by the 
specially large posterior expansions of the maxillae. Measuring 
the length of these expansions from the bottom of tlie maxillary 
notches along a line parallel with the middle line of the skull, 
and the breadth as indicated in the table of measurements, these 
parts are absolutely longer in C. commeraonii than in tlie con- 
siderably larger type-skull of C, etUropia, In C, heaviaidei they 
are relatively narrow, and do not completely cover the orbit, the 
whole upper margin of which is visible in a dorsal view, with 
part of the postorbital process, which slopes a good deal 
outwards. 

In (7. commeraonii^ the front of the orbit is completely con- 
cealed by the maxillary expansions, the only part visible dorsally 
being the postorbital process, which is more vertical than in the 
other species. Rather more of the upper surface of the orbit is 
shown in Moreno's figures, paiticulai'ly in fig. 2, whicli is 
described as representing a younger specimen ; and the extent of 
the overgrowth of the orbit by the maxilla is perhaps dependent; 
on age. 

In C, heaviaidei there is a slight constriction of the outer 
margin of the rostrum, 20 mm. in front of tlie maxilJfiry notches, 
so that a small lateral lobe is partially marked ofi‘ at the base of 
the rostrum, on each side. These lobes do not occur in 
<7. commeraonii. 

Nasal, — These bones, though no doubt variable, show certain 
features which may be distinctive. In C, heaviaidei they are 
subdiscoidal, the central part the thickest and the nuirgin thinner, 
and they are in contact with one another, on the upper side only, 
for about 7 mm., leaving a small triangle of the frontnls un- 
covered between their lower boi’ders and the mesethmoid. The 
greatest diameter is 25 mm. In C, eutvopia each hone is quite 
twice as wide as long (25, 11 mm.), and has a sluirply marked, 
net^rly vertical, anterior face, wliioh almost reaches the meseth- 
moid. The left nasal is wanting in skull B of C, commeraonii, 
and the right nasals are not altogether alike in the two skulls. 
The shape seems to he somewhat intermediate between those 
of the other two species, being more quadrangular than in 
0, heaviaidei, and rather longer in proportion to the width than 
in C, eutropia, tfce two bones having a median suture nearly 
reaching the mesethmoid. The right nasal of skull A measures 
22 mm. in width and 17 mm. in length. Moreno's fig. la gives 
similar evidence. 

Ma/ndihle (PI. III. fig. 2). — While differing in certain respects, 
all three species show, more or less distinctly, the outwardly bowed 
Y&mi, corresponding with the expanded part of the rostrum, 
given by True (1^9, p. 108) as a generic character. That of 
C. eutropia (c) is much larger and heavier than those of the other 
species, but it resembles the mandible of Q. commeraonii (b) in 
general form and in the shape of its coronoid process, which is a 
blunt triangle with its apex directed nearly vertically and lying 
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well in front of the condyle. In C, heavisidei (a) the coronoid 
process is directed backwards, so that its apex lies but little in 
advance of the condyle, while from its front end the upper edge 
of the jaw slopes down to the teeth, instead of remaining at first 
horizontal, as in the other two species ; and the jaw is slighter 
and has less vertical depth than in them. 

Pterygoid, — The importance of these V)one8 in distinguishing 
genera in the Delphinidae was pointed out by Flower (1883), who 
relied on Yan Beneden and Gervais* figure (pi. xxxvi. fig. la) 
for evidence as to Cephalorhynchua^ and reproduced it on p. 473. 
There can be no reasonable doubt that the figure was drawn from 
a skull with incomplete pterygoids, and it is thus to some extent 
misleading. The type-skull of G, heavisidei resembles tlie figure 
as reproduced by Flower, in respect of the pterygoids, but a 
comparison witli the two skulls of 0 , commersonii, in both of 
which these bones are complete, shows that they are much 
longer than would be inferred from that figure. They resemble 
in shape the pterygoids shown by Flower (1883, p. 471) in Glohi-‘ 
cephala {Glohicepa)^ but their posterior margin is more oblique, or 
less nearly transverse. In skull A (PI. III. fig. 1), the palatal 
surface of each pterygoid mea.sures 36 mm., from the point wliere 
it leaves the vomer, to its posterior tip. In their free, posterior 
portions the two bones are separated by a narrow, h-fehaped 
interval, 18 mm. long and wideni!)g to 8 mm. across, at the com- 
mencement of the posterior oblique borders. Skull B is similar, 
except that the interval }>etw’een the free parts of the pterygoids 
is A-shaped, and the length to the tip is only 30 mm. The 
pterygoid.s jire incomplete in Moreno’s figure. 

Teeth, — Skull A {C, commersonii) has teeth visible with*- 

out cutting away any of the gum. One or t>vo small ones may 
perhaps be present, beneath tlie gum, at tlie anterior end of the 
series. Tn skull B, in which many of the teeth are wanting, 
the number is about 29 on each side of each jaw\ In C, heavisidei 

(type), the number is while in G. eutropia (type) it is 

30-31 on each side of each jaw. 

1'he osteological features of the Cetacea are so variable that it 
is often impossible to be sure how far characters selected from an 
examination of a limited amount of material are of any value. 
It is thus important to point out that, in the featiu'es enumerated 
above, the two skulls of G, commersonii are in substantial agree- 
ment with one another, except wdiere attention is called to a 
difierence. There is evidence, moreover, that other specimens 
of G, heavisidei agi'ee with the type-skull. The skull of this 
species has been figured and briefly described by iSchlegel (1841, 
p. 31, pi. iii. figs. 1, 4; pi. iv. fig. 6); and by Van Beneden and 
Gervais (1868-1879, p. 599, pi. xxxvi. figs. 1-1 6), from a skull in 
the Paris Museum, The latter authors were inclined to regard 
the specimens of CepJudorhynchns IvomvBivioxxn southern localities 
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as belonging to a single species. I have to thank Prof. R. 
Anthony for the information that the skull figured in the 
‘ Osteographie ^ (figs. 1, 1 a) is from the Cape of Good Hope, 
Duasumier, 1827, although he thinks that the lower jaw figured 
(1 h) may not be from the same specimen. It may no doubt 
be assumed that Dussumier’s specimen at least belonge<l to 
C, heavisicUL 

The following may he noted as points of agreement between 
the type-skull of C. heavisidei and SchlegeFs figures : — The small 
lateral lobes at the base of the rostrum on each side ; the narrow 
posterior expansions of the maxillec, not completely covering the 
orbit ; the shape of the nasals, which do not quite touch one 
another and leave a triangular part of the frontals exposed between 
themselves and the niesethmoid ; and the broad posterior ends of 
the premaxillue, botli of which nearly reach the nasals. In 
Yan Beneden and Gervais’ figure most of these resemblances are 
also noticeable, and attention may be specially directed to the 
right premaxilla, which reaches the nasal behind. 

CEPHALORiiyNcnus Gray, 1850 (see Flower, P.Z. S. 1883, p. 473, 

and True, 1889, Bull. U.S. Nat. Mus. no. 36, pp. 108, 176). 

C. coMMERSONii Lacep. 

Delphinus commersoniif *‘Le Jacobite/’ Lacep^de, 1804, Hist. 
Nat. C4t. pp. xUv, 317 (referred to by Quoy and Gaimard, 1824, 
Yoy. ‘Uraiiie,^ p. 87; and by Lesson, 1827, Yoy. ‘ Coquille,’ 

p. 181). 

Delphijiiifi commersojiii Dcsmarest, 1822, Mamm, 2* Partie, 
p. 517. 

Pkocccna cominersonii Lesson, 1827, Man. Mamm. p, 414. 

Lagenorhynchus floweri Moreno, 1892, Rev. Mus. La Plata, 
iii. p. 385, pis. viii., ix. 

Lagenorhynchus cruciger% Bruce, 1915 (nee anett,)^ ‘‘Piebald 
Porpoise,” 8cotia Reji, vol. iv. p. 500, pi. i. 

Known localities, — Tierra del Fuego, Straits of Magellan, coast 
of Patagonia, Falkland Islands. 

External characters, — Length at least 140 cm. Head conical, 
without distinct beak. Dorsal fin bluntly triangular, not falcate. 
Flippers rounded at the end, not falcate. Most of the sides and 
ventral surface silvery white, this colour extending completely 
across the back, between the liead and the dorsal fin. A large 
white, median, pear-shaped area, widest behind, on the throat. 
Head, tail, caudal, pectoral, and dorsal fins jet-black (the fins on 
both surfaces), a narrow dorsal band of black passing obliquely 
from the tail to just beyond the dorsal fin, a broad black band 
extending across the ventral side between the flippers, produced 
backwards into a median, acuminate process. A black area 
surrounding the reproductive opening. White and black areas 
very sharply defined. Yisible teeth 29-30 on each side of 
each jaw. 



iND OTHER SPECIES OF CEPHALORHYNCHUS. 637 

Skvll, — Total length at least 29-30 cm. Kostrum about 47 per 
cent, of the total, at base half as wide as long, without pro- 
jecting lateral lobes posteriorly. Tooth-row 41-42 per cent. 
Posterior lobes of maxillae large, almost completely covering 
the orbits ; the postorbital process nearly vertical and hardly 
visible from above. Premaxillie little prolonged behind the 
anterior nares, the floor of the depressecl triangle flat. Nasals 
subquadrangular, meeting in a median suture, the width much 
less than twice the length. Pterygoids sepamted beliind by a 
ri- or A-shaped interval; the posterior border oblhiue, its tip 
30-36 mrn. from the vomer. Upper border of mandible 
horizontal, behind tlie tenth, the coronoid process bluntly tri- 
angular. 
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EXPLANATION OP THE PLATES. 

Plate I. 

Ce pha lorhynchits commersotiii. 

Figs. 1 & 2 . Mr. J, E. Hamilton’s e\iRcerated specimen (A), lateral and ventral 
views. X 1 ^- 4 . 

Pig, 3. Ventral view of another individual (C). From a photograph sent by 
Mr. K. Vallentin. 

Plate II. 

Ceph a lorhipichns com m ernonii. 

Fig. 1 . Side view of sj)ecinu‘n C. From a second photograph sent by Mr. R, 
Vallentin. 

Fig. 2 . Skull of specimen A, dorsal view. X about i. 

C. heamsUhi, 

Fig. 3. Skull of the type-speciinen, dorsal view. X about J. 

Plate III. 

Cephalorhpnchm spp. 

Fig. 1 . r. eommersonii. Skull of specimen A, vential view. X about J. 

Fig. 2. Lower jaws, from the right side. X about J. 
a, C, heavisidei. Ty}»e-specimen. 
h. C, eommersonii. Specimen A. 
e, C. etUropia. Type*spefiinen. 
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Introduction. 

In papers * on the tongues of the Piimates, I showed that the 
mobility is well marked, the gustatory and secretory organs are 
well developed, and the papillae are not specialised for one kind 
of food. In the remaining mammalian orders one or more of 
these characters is highly developed, or greatly diminished, in 
accordance with the nature of the diet and mode of feeding. As 
the literature contains many descriptions of individual tongues, 
the remaining papers of this series will be limited to general 
descriptions of the difibrent types, and special attention will be 
paid to physiology and classification. 

The present paper is based on the examination of specimens in 
the Society's Prosectorium, the British Museum (Nat. Hist.), 
and the Museum of the Royal College of Surgeons, 

Order CETACEA, 

List of specimens examimd. 

Suborder Mystacoceti (Baleen Whales). 

Pieces of tongue of Balcena and Balixnoptera* 

Suborder Odontoceti (Toothed Whales). 

Sperm Whale {JPhyseter macrocephaln8\ Sowerby’s Beaked 
Whale {Mesoplodon hidens), Beluga {Delphinapterus Imcas), 
Porpoise {Phocoena communis)^ Ceplicdorhynchits eutropia, Risso's 
Dolphin {Grampus griseus), Common Dolphin (Delphimis delphi$\ 
Bottle- nosed Dolphin {Tursiops iur8io\ White-beaked Dolphin 
{Lagenorhymhus albirostria), 

* P. Z. S. 1922, pp. 1-29, 277-322, 497-624, 741-767. 
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The tongues of the Odontoceti differ greatly fiom those of the 
Mystacoceti, and both differ considerably from those of the other 
mammalian orders. Some are so simple that they resemble the 
tongues of fishes. 

Size: — In many Cetacea the tongue fills the space between 
the halves of the mandible, but it does not do so in the Narwhal 
{Monoclon monocero8\ Bakmoptera borealis (29), and Delphina- 
pterus leivcas. Barclay (2) showed that the food must pass far back 
to reach the tongue, if it is an organ of taste in the latter. In 
Balcenoptera hoops (10) it forms a large mass, projecting upwards 
between the baleen plates like an interrnohir eminence. The 
bulk may be so increased by gaseous decomposition after death 
that the tongue pi*otrudes from the mouth. This protrusion, 
however, does not take jdace in the Odontocete tongue. 

Consistence : — In the Odontoceti the tongue is firm, hard and 
muscular, and the upper surface feels like parchment. In the 
Mystacoceti, on the other hand, it is soft, from the presence of a 
large amount of oil or fat which, according to Owen (27), sepa- 
rates the mucous membrane from the muscles. Schulte (29) has 
also shown that masses of fat separate the musculi genioglossi in 
Balcenoptera borealis. The oil will exude from the cut surhico 
of the tongue for a long period in preserved specimens. Some 
have, in fact, likened the tongue to a sac of blubber. Rawitz (28) 
and Eschricht (13) described the fat in adult animals, and 
Kukenthal (21) saw it in a 11 7*5 cm. footus of Balmnoptera 
muscuhts. 

Mobility : — John Hunter (20) showed that the tongues of the 
Odontoceti are more muscular and mobile than those of the 
Mystacoceti, and attributed the difference to the methods of 
feeding. In the former they are organs of prehension, but they 
«are passive in the latter, for the food flows into the open motitb, 
Hcoresby (81) described the mode of feeding in Balcena mysticeUis 
as follows : — ** When the whale feeds, it swims with considerable 
velocity under water, with its mouth wide open ; the water* enters 
by the fore part, but is poured out again at the sides, and the 
food is entangled and sifted, as it were, by the whalebone, which 
does not allow anything to escape.^' 

In the Odontoceti the mobility varies. In Orcella hrevirostris 
(1) it is great, for the free paH extends back as far as the fourth 
intodental space. In Platanista gangetica the apex is bound to 
the mandibular symphysis by a fold of mucosa, but the edges are 
free and mobile. The animal is blind and burrows in the mud 
at the bottom of rivers for small fishes and Crustacea, which con- 
stitute its diet. So the sensitive edges of the tongue may be 
organs of exploration. In Mesoplodon hidem^ according to 
Turner (34), the tip is mobile from side to side. 

In both suborders the tongue is more mobile in the new-born 
animal than in the adult. 

Shape '. — The tongue is large and shapeless in the adult 
Balcenoptera hoops (10), but it is broad and squat in the foetal 
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Balmnopiera borealia (29). In the majority of the Odontoceti it 
has the usual mammalian form, but it is slipper-shaped in 
Grampus griseus and Lagenorhy^nchus alhirostris. 

The apex varies considerabl 5 ^ It is full and rounded in 
Balmia and Baloenoptera, In the Odontoceti, on the other hand, 
it is not so full and rounded, and it may or may not have pro- 
cesses and warty growths. In GlMeephalus melas (25), Cephalo- 
rhyncJms eutropia (text-fig. 25 B), and Fhyseter macrocephalus 
(text-fig. 25 A) it is plain and pointed. In Grampus griseus 

Text-figure 25. 



Tongues of the Cetacea. A ; dorsum of the tongue of a fwtus of JPhyseter macros 
cephalus ; B : lateral view of the same, showing the loose wrinkled frenum ; 
C i tongue of Cephalorhynohus eutropia, 

(text-fig. 26 A), Lageuerhymhus albirostris (text-fig, 26 B), and 
Delphinm delphis (text-fig, 26 C) it is broader and smooth, but 
Carus and Otto (8) described and figured it as covered with 
tubercles in the latter. The apical lobules are small in Phocesna 
commtmis (text-fig. 27 A), large in JDelphinapterus Uucas (text- 
fig, 27 B), and in two rows in Tursiops tursio (text-fig. 27 C). 

The lateral borders are immense and massive in BdUxnoptera 
hoops^ and thin in the foetal B, borealis. They are very variable 
in the Odontoceti, Tn no Cetacean have they any lateial organs. 
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Owen ( 27 ) stated that they are plain in the Mystacooeti, but 
Wyman ( 36 ) described lobules in B, borealis, Schulte ( 29 ), how- 
ever, did not figure them in the foetus of that species. 

It is difficult to decide where the oral and pharyngeal parts of 
the tongue meet in many species, for vallate papillae are frequently 
absent. In OrceUa fvlminalis the base is delimited by a sulcus, 
whose ends correspond to the angles of the mouth. And many 
glands open into the sulcus (1). 

Sulci : — Median dorsal and median ventral sulci are absent in 
most cases. But many fine longitudinal and transverse sulci 
may be present. In OrcAla they feel gritty to the touch. 

The tongue may be smooth and plain all over, as in the foetal 
Balcenoptera borealis. It is wrinkled all over in Orcella brem- 
rostris. In many species the posterior part of the dorsum is 


Text-figure 26. 



Tongaos of the Cetacea. A : Grampus grisens ; IJ : Jjagenorlnpichus albirostris ; 

C: Uelphinus delphisi s: glandular sac. 

divided into areas by sulci. The inferior surface is more or less 
corrugated, and may rest on a cushion formed by folds of the 
mucosa of the floor of the mouth. The degree of corrugation 
varies at difierent ages, for Anderson (1) showed that the tongue 
in the young Platanista gangeiica is smooth, but its root is 
connigated in the adult. In Gephalorhynckus eutropia a thick 
fold surrounds the tongue below the apex. 

Glamdsx — ^The most marked features on the tongues of the 
Oetacea are the orifices of innumerable glands, and nearly every 
account records their pre,sence. They vary greatly in extent and 
prominence, and they are more numerous than in all other 
Mammalia. 

Genus Orcella : — In 0. fulminalis many racemose glands open 
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into tho basal limititig sulcus. In 0* hr^viroatris there are no 
glands on the inferior surface, but the whole dorsum has patulous 
orifices. Those on the base of the tongue are very large. 

Genus Plaicmiata : — ^The glands are numerous, but not as long 
as those in Orcalla. Some open into sacs. 

Genus Mesoplodm (text-fig. 28) : — Numerous large and small 
glandular orifices are present, and there are five large sacs with 
linear orifices. 

Genus iKigenorhynchua (text-fig. 26 6) : — ^The orifices cover 
the posterior two-thirds of the tongue, and increase in size from 
before backwards. The central ones lie on elevations. No sacs 
are present, and there are no glands on the inferior surface. 

Genus Turaiops (text-fig. 27 : — Many small orifices surround 
the edges of the anterior part of the tongue, and there are large 
clusters beneath the tip. 


Text-figure 27. 



Tongues of the Cetacea. A : PhoctJtna communU) B : Delphinapterus Uueas ; 

C : Tursiopa turaio. 

Genus Phoccpna (text-fig. 27 A); — No sacs are present, and 
many minute orifices crowd the posterior part of the dorsum. 

Genus Delphimia (text-fig. 26 0) : — Many small orifices, lying 
in the centre of small areas crowd the posterior part of the 
dorsum. And there are clusters of pores on each side of a 
median ventral elevation. Two sacs (a) are present on the base 
of the tongue. 

Genus Delphvnaptertia (text-fig. 27 B) : — No sacs are present, 
and the glands are restrict^ to the posterior part of th^ dorsum. 

Genus Cephalorhynchua (text-fig. 25 B): — Innumerable small 
elevations with minute, but patulous, orifices cover the posterior 
part of the tongue and pharynx. No orifices are present on the 
inferior surface, and no sacs are present. 

Genus PhpaeUr (text-%. 26 A) : — ^The surface of the total 
tongue is pitted all over. But the nature of the specimen at 
Peoc. Zool. Soc. — 1922, No. XLIV. 44 
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my disposal did not permit histological examination being 
made* 

The lingual glands are tubular ot branching, and vary in 
length. And authors who have described true vallate papille 
mention that glands open into the fossae. Murie writes as 
follows of the tongue of Ghbicephalua melas (25) : It exhibits 
numerous glandular papillae and depressions, probably the 
representatives of papillae fungiformes; other ^'larger and much 
deeper furrows behind may be circumvallate cavities or mucous 
glands.’’ 


Text-figure 28. 



The tongue of Me$oplodon hidw showing glandular orifices and 
the five large sacs. 

Papilla : — In most Cetacea, papillae are scanty or absent, and 
those which are present are usually tactile or mechanical in 
function. The sense of taste is very slight or absent, and in no 
other mammalian order is it so deficient. 

Papillae are most numerous in OrceUa and Platani$ta. In the 
former the oral part of the tongue has filiform papillae, and the 
pharyngeal part has pedunculated and sessile papillae, arranged 
singly or in pairs at the mouths of large racemose glands. In 
the latter the free part is thick with filiform papillae divided into 
processes. 
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Grampus griseus (text-fig. 26 A) has neither filiform nor fungi- 
form papillse. At the junction of the oral and pharyngeal parts 
of the tongue there are two rows of deep narrow slits in V-fo| 7 - 
mation, but there is no mesial sulcus. Each row has six fissures. 
In the specimen in the Museum of the Royal College of Surgeons 
they are absent. 

Owen (27) described four large fossulate papillm in Hyperoodon, 
But Turner (34) recorded many crypt-like depressions and 
papillae, and a vallate V in Mesoplodon bidena. In my specimen 
of J/. bidma there are five large sacs, probably glandular in 
character. 

In Cephalorhynchua eutropia (text-fig. 25 B) there are no 
filiform or fungiform papillee. Between the oral and pharyngeal 
parts of the tongue are five fissut^s in Y-formation. 

In Delphinua ddphia (text-fig. 26 0) the slits have closed lips. 
In Ddphi'uapUrua lemaa (text-fig. 27 B) they are longer, and 
the lips of one are opened to disclose a row of globular bodies. 
Phoccena communis (text-fig. 27 A) has eight small fissures placed 
end to end in Y-formation. 

Neither papillsB nor fissures are present in Monodon monoceroa^ 
Lagenorhynohua albirostria (text-fig. 26 B), Delphinua phocoamy 
and Bedoenoptera borealia. 

In no Cetacean is there any trace of lateral organs. It appears, • 
therefore, that the gustatory function is practically absent. 

The Inferior Surface of the Tongue is usually folded, both 
longitudinally and transveieely, and its mucosa is usually soft 
all over. But there is a firm bounding zone in Orempua griaeusy 
Lagenorhynchm albirostria, and Fkyaeter maerocephalua. Some 
forms have glandular pits beneath the apex. In no case did I 
see any trace of a sublingua or plicae fimbriata, but Schulte (39) 
descril^d a small triangular sublingua in the foetal Balcenoptera 
borealis, 

Thefrenum is absent in Delphinapterus leucaa and Meaoplodon 
hldena. It is slight in Grampus griaeusy Lage'norhyyiohua albi- 
roatriSy Cephalorhynchua eutropia, and Phocama communis, 
Schulte (29) said it is absent in the foetal Balcenoptera borealia, 
Anderson (1) described it in the foetal Orcella breviroatrisy but 
said it is absent in the adult. I observed a very marked frenum 
in the new-born Phyaeter maorocephalua (text-^, 25 A). These 
observations would show that the Cetacea require a frenum 
while suckling, but not when they lead an independent existence. 

No Cetacean has salivary papill® or plicse fimbriatae. 


Summary, 

1. The tongues of the Cetacea have their glandular organs 
better developed, but their gustatory and mobile functions are 
less, than in other Mammalia. 
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2. Th« totigQ^ of the Mystacoceti agree with those of the* 
OdOHtoeeti as foUows : — 1. Filiforni papillse are scanty or abeent. 
2. The muooea is more or less corrugated. 3. There as no trace 
of foramen csdcum, l 3 rtta) frenal lamella, lateral organs, and 
apical gland of Nuhn. 

3. The tongues of the Mystacoceti and Odontoeeti differ in the 
following points : — 


Ml/stacocetu 

Tongue soft. 

Intermolar elevation present. 
Much oil in the tongue. 

Apex massive. 

Absent. 

Istteral borders ill^defined. 
Olands lees numerous. 
Muscles slight. « 
Mobility slight. 


Odontoeeti. 

Tongue firm and bard. 
Absent. 

Absent. 

Not so. 

Marginal lobules present. 
Well-marked. 

Glands very numerous. 
Muscles wdl-developed. 
Mobility variabie. 


Order SIRENIA. 

The tongues differ considerably from those of the Cetacea, 
and their characters approximate to those of the tongues of the* 
Ungulata, 

Text-figure 29. 



Tongues of the Sirenia. A and B : dorsum and lateral aspect of the tongue of 
BMMOr9 ; C t lateral view «f the tongue of Manatm ameriMnms. 


The tongues (text-fig. 29) are firm and hard, but not very 
mobile. That of Manatus thickens progressively from before 
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backwards, but there is a distinct iutermolar emiueaoe. In 
ffaUcore^ on the other band, the posterior twentbirds are greatly 
elevated as in some Ungulate. 

The apex is rounded and entire in both genera, and the kim'al 
iQrd»r$ are entire and devoid of lobules which characterise the 
Cetacean tongue. Neither notches nor sulci are present. 

The mucosa on the oral part is plain, but that on the 
pharyngeal part has many folds. The bm best glandular openings 
arranged singly or in pairs. There are no glands on the inferior 
surface, and no apic^ gland of Nuhn is present The glsn^ are 
less devc^loped than in the Cetacea. 

PapiUcB : — In both genera there is, behind the apex, a cluster 
of retrovertad cuticular spines. And as the tongue is not very 
mobile they are of great assistance in cropping the vegetation on 
which the animals live. Behind that cluster the dorsum is plain 
in UanoitMA^ but covered with a velvety pile of small papillaa in 
HaHiam* Owen (27) figures a plain dorsum behind the apines 
in the latter. 

In Man<xtU9i according to Owen (27), there are many vallate 
papillw. In Halmr^ they are represented by clusters of pita. 

Lateral Organs : — In Manatm (4) these are well-developed 
aud appeal* as large cushions with numerous fissures. In EaUcors 
these are absent. 

The Inferior Surface has many large orifices in MmaivA^ and 
many embedded cylindrical bodies in ifalicore, but I was unable 
to examine the latter microscopically. 

The Frenum is slight, and there is no frenal lamella, foramen 
Giecura, lytta, sublingua, or pUcce fimbriate. No combdike 
structures are found on the infero-lateral aspect. 


Order UNGULATA. 

Suborders Perissodacttla and ARTioDAcrrLA. 

In most species the tongue is long, comparatively narrow, and 
very mobile. But it is bi-oad and flat in Rhhtoeeros, It has the 
greatest mechanical power in Giraffa, 

The apex is truncated, pointed or rounded, and may oi* may 
not have a notoli. In many species it has clustei’S of hard 
mechanical papillie, as in the Sirenia. It is free in all forms, 
and this gives it considerable mobility. 

The lateral borders are full aud lounded. They may be com- 
paratively smooth, or covered with prominent conical an*l 
fungiform papillie. But Sm is the only genus with lateral 
lobules similar to those in the Cetacea. 

The anterior part of the tongue is flat and very mobile. 
Posterior to that is an intermolar eminence which raises the food 
up to the molar teeth. Most posteriorly is a flat, thin, more or 
le^a glandular part. 

The intermfilar elevation is present in all families. It is entire 
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in all except the Ehinoceros in which it is cleft. And it is 
covered with papill» belonging to one or more of the conical, 
fungiform, and vallate series. 

In the Perissodactyla it is well-marked, but low and flat. It 
has only conical papillsB in Eqxms cahallus. In Tapirua indicuB 
it has both conical and fungiform papillae. In Rhinoceros clusters 
of vallate papillm cover its halves. 

In the Suina it is also flat. And both conical and fungiform 
papillee are present. 

The OamelidsB have well-marked eminences. And they possess 
large vallate and very hard projecting conical papillte in the 

Llama* 

In the Oervidae and Bovidse the prominent eminence has very 
hard conical and fungiform papilla?, and the former vary con- 
siderably in size and shape. Clusters of vallate papillee may 
invade the sides of the eminence. I did not examine a sufli- 
ciently large series of tongues to draw conclusions as to their 
value for purposes of classification. 

The eminence is prominent in Traguhis, but flat in Hymmschm. 

When the posterior third of the tongue is examined it is seen 
how glandular orifices are numei‘Ous in the Perissodactyla, but 
few or absent in all other forms. And the characters of these 
structures in the diflferent Mammalian orders, with special 
reference to the relation between their size and that of other 
parts of the oral glandular apparatus, have already been 
described. 

It is seen in this paper that the Cetacea, which have no salivary 
glands, have large lingual glands ; the Sirenia, which have small 
salivary glands, have fewer glands; and the Ungulata, with good 
salivary glands, have few lingual glands. Also the Perissodactyla 
have larger lingual glands than the Buminantia. 

Oircumvallate Fapillce (text-fig. 30 A): — The number and 
arrangement vary, and the following patterns were observed by 
myself ; — 

1. No papillie. 

2. A pair of papillse. 

3. Several papillae in a straight line, or wide-angled V. 

4. Bows of papillae on each side of the tongue. 

5. Clusters or fields of papillae. 

In the Perissodactyla there are two large papillae in Equua 
cahaUtiB^ E, cmnus^ and E. ckapmanni^ but seveiul observers 
noted three in E. cahallus. Mayer (22) described a pair in 
Tapirm americanua^ but I noted several in a straight line or 
wide-angled V in T, amerieanua^ indicna^ and 1\ bairdu In 
Rhinoceros there is a field of ten papillae on each side of the 
tongue. 

In the Suina there is a pair of papillae in Sua acrofa, S. hahi- 
rusaay Potamochasrna penicillatus, Phacochoerus odiani, and JHcotyles 
torquMm* Schwalbe (30) recorded three papillae in Sus scrofa* 
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The Tylopoda have the largest vallate papilla, and they are 
arranged in two converging lines on the narrow intermoliur 
eminence* In Oamelm dromsdarmt there are seven on each side 
in a single chain. But Mayer (23) stated that the seven in 
(?. b<iotrianu8 are in two rows on each side — ^an inner one with 
three papillie, and an outer one with four. In Atichenia the 
numbers of papillie are not identieal in each row. 

The Tragulidss have types of papillse which are not found in 
any other group. There is a pair of long furrowed papilla? 
surrounded by a patulous fossa in both Tragulas and Hyomo- 
scAtts; but Flower (W) described many small papillse in the 
latter. 

The tongue in Giraffa has more papillas than that of any other 
mammal. Miinch and Tuckerman counted fifty, and Owen (27) 
described two fields, each with 16-20 elements. 

In the Cervidae the papillte are usually arranged in two rows 
on each side. And the following numbers were observed by 
myself, or recorded by others : — 


Muntiacua muntiac 

6 

on each side. 

Gervua alaphua 

26-28 


(26). 

„ aana 

16-20 

>» 


„ dyhowaki 

20 



„ hiMnilia 

10 


11 

Capraohia capraa 

7-8 


(24)- 

Rangifer tarandua 

6-6 


(22). 

Alcea machlia 

18-20 


» (33). 

Caricusua virginianm . . . . 

13 


(83). 

„ ioUecua 

10-11 


)> (33). 


In the Bovid 80 there are rows of small papill® on each side, 
and the number of rows are shown in the classification given 
below. 

The following list contains the number of papillae : — 

Bos taurus 10—17 on each side. 

Bisoii americamt^ 18 „ ^ „ 

„ honaaua 11 on one side, and 6 on the 


other (33). 


Bihoa indicua 

.... 17-19 on each side (33). 

Budorcaa taxicolor 

14 

11 

11 

(36). 

GonnochceUa gnu 

20 



(36). 

Gephahphm maxweUi 

7 

11 

11 


„ dorsaUa 

12 

11 



ArUilope rmrgana 

.... 18-20 

11 


(6). 

Rupicapra rupwapra 

10 

11 

11 

(19). 

Antilocapra americana 

36 



(33). 

Gapra hircua 

12 

11 

11 


„ ibex 

13 

11 

1* 


Ovia ariea 

12 

11 

•1 



Ammotragm 8 
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It is frsqueiitly difficult to determine hj the naked eye 
whether a certain papilla is of the vallate or fungiform variety. 

It appears^ therkore, that the papillary patterns are distri- 
buted as follows : — 

NopapUlsB Hyracoidea. 

A pair of papillie Equidce, SuidsB, Phaco- 

cheridflB, Tragulidee. 

Papilla in a line or V Tapirida. 

Papilla in rows Camelidae, Cervidse, and 

Bovidfie. 

Papillas in fields Rhinocerotidae and Giraffid». 

The papillsB are oval, cylindrical, or conical with the bases of 
the cones projecting beyond the valiums. And the surface is 
smooth, granular, or lobulated (text-fig. 30 B.). The fossa is 
closed or patulous, and the vallum varies in prominence. Taste- 
buds are usually well-marked. 

Fungiform PapiUce (text-fig. 30 O.E.F.) : — The distribution on 
the dorsal and ventral surfaces varies in the different families. 
In appearance they are hemispherical, or almost pedunculated, 
and the surface is smooth, granular, or covered with processes. 
Many have rich supplies of taste-buds. 

In the Perissodactyla they are not very numerous, but have 
the usual mammalian arrangement in clusters and rows ; and 
those on the lateral borders are very numerous. In Kquus there 
are none on the intermolar elevation, but there are prominent 
ones there in Tapiru.8, In neither genus is there a marked 
ventral papillary zone. 

The tongues of the Suina have many papillae on the dorsum, 
but few on the ventral surface. And those on the lateral borders 
may be very prominent. 

In the Tylopoda the papillae are not numerous on the dorsum, 
but they form a very wide ventral papillary zone. And in no 
other family is the latter so large. 

In the Cervidae there is a prominent cluster of papillae behind 
the apex. Between it and the anterior extremity of the iiiter- 
molar eminence there is an area possessing very few papillae, but 
the latter is bounded laterally by papillary bands. The ventral 
papillae are numerous, but small. 

In the Bovidae there is no thick apical, dorsal cluster, and the 
papillae stretch I’ight Imck from the apex to the intcrmolar 
eminence. They are only absent from a thin central strip of the 
dorsum. They are very regularly arranged. They are not 
numerous inferiorly in Bison, but they are numerous, small, and 
closely packed in Antilope, Capra, and Ammotragus. 

In the Tragulidae the papillae are numerous on the dorsum, 
and have the usual arrangement. They are absent only from a 
narrow central strip. 
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Conicd jnipiUm:-^TbB teeth in the Euminante w aeiieted by 
the aotion of the herd eonioal papillie cotnminuting the food 
against the prominent palatal ridgee. 

In the Perissodactjrla they are innumerahlet wender, sil^» 
mdA aot vaty oltnaly togcthar. Aod their e h e r ectere are winilex 
OTor the entire donium. , , 

In Su$ the iRterel border* of the tongue hare innumerable 
leng, club-shaped conical papill», as in the Cetacea. But no 
other genus of the Soina possesses them. In Pokmiomcsna the 

Text-figure 30. 





Mmmm. 

,AjLAjLA.AJL. g . 


Tongues of the Ungnlat*. A («-!) : vulUte pupillury prtterns i B (»^) : naked 
eyeappe»r»nc«8ofthaT«ltotepapill»: C(a-e): fnngif orm pnpiU* i D : oonicsl 
papill® ; E : fungiform papillie of the Boride i V : fungiform pnpiUa of the 
Cerviihej I.M.B : intermoUr eminence j G: sublingunl combs. 


conical papilla on the base are very large, pointed and dire^d 
backvrards. In DieoUjles all the papilla are very minute. The 
characters of the conical papilla and lateral organs are useful for 

classifying the Suina (page 653). . • * 

In 6ie Camelidathe anterior pait of the tongue has minute 
closely-set papilla. But those on the intermolar elevation aro 
large, flat, hard, and separated into two groups by a smooth 
central strip. 
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The BovidsB and Cervidse have papilte similar to those in the 
Oamelidse^ but those on the eminence are smaller, more numerous, 
and not divided into two groups. 

In the Tragulidsd the conical papillse on the dorsum are all 
small in Tragulm^ but in Hyomoschus those on the base of 
the tongue are large, pointed, closely set, and directed back- 
wards. Those on the base are not so disproportionately large in 
Trugukis, 

The ventral papillary zone is narrow in the Perissodactyla, 
but wide in the Artiodactyla, especially the Tylopoda. 

The conical papillae are shown highly magnified in text- 
fig. 30 D. 

LaUral Organa: — As Oppel (26) has collected the various 
published accounts, it is only necessary to show here their value 
for purposes of classification. They are frequently absent, and I 
would suggest that the lateral rows of circumvallate papillae 
replace them in these cases. 

In the Perissodactyla they are absent, according to Boulart 
and Pilliet (6), in Tapirua americanua^ Eqtiua cahallua, and 
Rhinoceros. But they are well-marked in all the Tapiridse 
examined by myself. Complete accounts of the organs have been 
published by Sertoli (32) and Honigschmeid (19). 

In the Suina they are present in Sna^ PhacochoBrua^ and 
PotamochcBrua, but they are absent in Dicotylea. The Babirussa 
has circular organs, but those in the other forms consist of rows 
x>f laminae and sulci. 

In the remaining Artiodactyla they are present in the Giralfidae, 
Tragu]id£e, and Antilope mergens, bub they ai^ absent in all others 
examined. 

The Lytta is represented by a median ventral ridge, which 
varies in width and prominence, but it is not at all like that in 
the Carnivora. And sections show that it has a central core. 

In Tapirua indicua it is narrow, prominent, and firm. But it 
is wide, flat, and softer in Equua\ and the structure in the latter 
has already been described by Briihl (7). Owen (27) recorded 
its presence in Rhinoceros, In all Perissodactyla it does not 
widen much from before backwards. 

In Dicotylea it forms a long, narrow isosceles triangle. 

The Tylopoda, as exemplified by the Llama, have short, pro- 
minent crests with very thick mucosa. 

In the Tragulidce it is broad and flat, especially in Hyomoachua. 
But it is most variable in the Oervidee and Bovidae. In these it 
is narrow and sharp, low and broad, or absent. The appearances, 
however, are of no value for purposes of classification. 

On the infero-lateral aspects of the tongue there may be long 
bands with divided free edges, or rows of separate processes. 
They may help to keep the interstices between the teeth clear, 
or they may help to mix the food and saliva. They have not 
been named, so I suggest the term sublingual combs’' for 
them. They are restricted to the attached part of the inferior 
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surface of the tongue. The following arrangements have been 
observed: — 

1. Oombs absent — Perissodactyla, Suii\|i, Hyracoidea. 

2. Edges divided into ti'idhgles — Tylopoda, Tragulidse. 

3. Long, more or less < separate processes — Bovidse and 

Oervidae. 

Some forms are shown in text- fig. 30. 

The frenum is always present, and permits the tongue to be 
very mobile. But there is no trace of a frenal lamella. 

There is no trace of a foramen caecum, sublingua or plicae 
fimbriatse, and the apical gland of Nuhn is present only in 
Ovia aries. 

It has been the object of the above summary of the characters 
of the tongues of the Ungulata to show their value for purposes 
of classification. And they have l)een arranged schematically as 
follows. From that system it will be seen that the chaiacters of 
the tongue are a useful addition to the external and skeletal 
characters at present in use. 

Claaaijication, --‘The following characters are valuable for 
purposes of classification : — 1. Character of the orifices of glands 
on the base. 2. Nature of the intermolar eminence and its 
papillfe. 3. Arrangement of the vallate papill«e* 4. Lateral 
organs. 5. Sublingual combs. 6. Distribution of conical and 
fungiform papilla. 


Suborder Perissodactyla. 

Numerous orifices of glands on base. No combs. Conical 
papillaa silky and closely-set. Ventral papillary zone very smalt 
or absent. 

A. Iiitermolar eminence cleft. Vallate papilla; in fields. No 


lateral organs Bhinoeeros. 

B. Eminence low, flat, and entire. 

а. A pair of vallate papillfe. No lateral organs. No fungiform 

papillfB on eminence Equns» 

б. Vallate papillsn form a row or V. Lateral organs present. 

Large fangiforins on eminence Tapirus. 


Suborder Artiodactyla. 

Few or no orifices of glands on base. Combs variable. Conical 
papillse hard and not so closely set. Ventral papillary zono 
well-marked. 

A. No sublingual combs. Two vallate papilla;. 

a. Edges of tongue have long processes 8u$, 

b. No long processes present. 

i. Papille on base immense Botamochmru$^ 

ii. Faptlles on base not immense. 

a'. Lateral organs present Phacoeharus, 

h\ No lateral organs DicotyUs, 
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B. Snbliagnal eomb* piawat. 
a. A pair of long, narrow vallate papillae. 


i. BaaiU conical papilla amall 

ii. Baeal conioal papillae very large 13^yomo$<thu$, 


6. A tingle row of immense vallate papills on each side... CamtluB^Auehenia^ 
c. One or more rows of small vallate pajfillss on each side. 

i. Fungiform papillie absent from an extensive area in 

front of the intermolar eminence. Two rows of vallate 
papill® Cbbvjdjb. 

ii. Fungiform papilla stretch right back to eminence, but 

are absent from a central strip on the anterior paH of 
the dorsum. 

a\ One row of vallate papilln on each side Cephalophu^ 

h\ Two rows on each side J9os, Ootioe, SUom, 

ConnoehateSf Str^$ieeroMf Antilop€» 
e*. Four rows on each side Budorca$t Oois. 


Suborder Hyracoioea. 

The tongue in Ilyrax has a low, flat elevation similar to that 
in Halicore^ and the lateral organs are welhmarked. There is 
no vallate papilla in several specimens examined by myself, and 
by Briicher (6), Gmelin (16), Munch (S4), and Tuckerman (33). 
And there is no trace of a lytta. All conical papillse are 
minute. The basal lingual glands have few orifices on the 
surface. It is evident, therefore, that the tongue has some 
aflinities with those of the Sirenia. No sublingual combs are 
present. 


Suborder Pbobosciura. 

The tongue is short and wide, and it corresponds to the inter- 
molar elevation of the other Ungulata. The apex is bound down 
to the floor of the mouth, as in the Cetacea. In E, indiem 
Mayer (22) observed six papiihe, but Miall and Greenwood (23) 
recorded four. In the specimen examined by myself there were 
two on the right side and one on the left. In E. africanm 
Forl)es (15) saw four papillie on the right side, and three on the 
left, but Miinch (24) observed three on each side. The lateral 
organs are well-developed, but their contained taste-buds are 
sometimes very few. No sublingual combs are present. 


Summary axd Conclusions. 

1. The Cetacea have simpler tongues than any other mammals. 

2. The tongues do not support the view of some authorities 
that there ai e affinities between the Cetacea and Ungulata. But 
the difterences between tliem are due to the nature of the diet 
and the mode of feeding. And the nature of the food causes 
the Skenian tongues to resemble those of the Ungulata in some 
points. 
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The efleential differenoea between tiie Oetaoea, Birenia, 
Artiodactyia, and Periasodaotyla ato : — 

Cetacea — Mobility slight. No gustatory organs. Glands 
numerous. An intermolar eminence is only present in some 
Mystacoceti. Few or no mechanical papillce. 

Strenia — Mobility greater. Slight gustatory organs. Glands 
fewer. Small intermolar eminence. Mechanical papillie present. 

AfUodactyla and J^erieeodaotyla — Mobility great. Well-marked 
gustatory organs. Glands variable, being numerous in the latter 
and few in the former. Intermolar eminence well-marked, but 
variable in size. Mechanical papillae well-marked. 

3. The characters of the tongue have several points in common 
in the Artiodactyla and Perissodactyla, but those of the 
Hyraooidea and Proboscidea are such as to separate them into 
groups by themselves. Of these the Hyracoidea have some resem- 
blance to the Birenia. 

4. The Cetacea are the only mammals in which the tongues 
may lie far back in the mouth. 

5. The tongues of the Mystacoceti differ from those of the 
Odontoceti. 

6. The tongues of the Mystacoceti contain large quantities of 
oil, but this is absent in all other mammals. 

7. The excessive development of cutioular spines on the 
anterior part of the tongue in the Birenia allows great use to be 
made of the moderate mobility. 

8. The Perissodactyla differ from the Artiodactyla in the 
characters of the glands on the base of the tongue. 

9. Sublingual combs are only present in the OamelidaE), 
Tragulidae, Cervid®, and Bovid®. 

10. It is impossible to distinguish the genera of the Oervid® 
from one anotlier by the characters of the tongue. 

11. The distribution of the fungiform papill® is a good means 
of telling the Cervida) from the Bovid®. 

12. Tlie Hyrax and Cetacea are the only mammals in which I 
was unable to detect vallate papill®. 

13. The sheep (Chie arm) is the only mammal below the 
Primates which possesses the apical gland of Nuhn. 

14. The characters of the fungiform papill® distinguish the 
deer from the antelopes. 
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Introduction. 

At the Scientific Meeting of the Zoological Society held on 
May 24ih of last year (P. Z. S. 1921, p. 645), Major Flower ex- 
hibite<l examples of three species of Egyptian Jerboas ( Jaculiilas), 
including a pair of the very rai’e four- toed form, t^carturus 
tetradactylusj which liad never been previously imported to 
Europe alive, and was almost unknown in museums, apart from 
the original example in Berlin, which was descril>€d as Dlpua 
ietrademtylua by Lichtenstein in 1823. These examples were 
exhibited in tlie Zoological Gardens for some months, but» died 
in the winter and came into my hands for examination To 
compare with them I had several specimens of the two common 
Egyptian Jerboas {J<iculm jcumlm and Sciidopoda orientalia) t ; 
and also one of the five-toed genus AUactaga (A. indica)^ a pair 
of examples of Zapus hvdsonianm or a nearly related species, 
and one male specimen of Pedates coffer — the last-mentioned 
examples having been preserved for many years in alcohol in the 
Society’s collection. The specimens above mentioned form the 
material upon which this paper is principally based. 

* Althongli apparently fully adult wlieii received, all the skeletal tissues at the 
time of death were excoediuf^ly fmil. Even the tips of the incisor teeth were 
uucalciAed and pliable— a condition I never before observed in any mammal, 
t Good 6gure8, drawn from life, and descriptions of these, as well as a brief 
account of 8. Ut^daoifflu$t may he found in Anderson and de Winton*s * Mammalia 
of Egypt.' My reasons for adopting the name Seirfomda are given below (p. 679). 

Piidc. Zooi,. Soo.— 1922, No. XLV. ' 45 
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That Z'JLpm belongs to the same group of Rodents as JactUus 
has long been admitted, and is disputed, so far as I am aware, by 
no one acquainted with this order. I'lie evidence rests mainly 
upon certain cranial characters connected more particularly with 
the zygomatic arch and the preorbital foramen, the structure 
of which distinguishes that genus from the Miiridas, despite the 
generally murine shape of the skull. It is also conceded that 
Sioistaj formerly known as Sminthua, is tolerably closely related 
to Zapm, With regard to Pedetea^ my pretext for including 
that genus in this paper is its former ascription to the same 
section’’^ as Zapua and Jacidua^ although now recognised as 
representing a quite distinct family, sometimes associated with 
the Hystricomorpha, together with the family Anomaluridro. 

External Appearance. 

The general appearance of Siciata and Zapua may be described 
AS murine. They have a long mouse-shaped head and compara- 
tively small diurnal eyes, and, although the hind legs of Zapua 
are elongated and saltatorial, they are not very much longer rela- 
tively than in our common wood-mouse, Apodemm aplvaticua. The 
Jerboas, on the other hand, are not the least like typical murine 
rodents in appearance. The head is very large, wide, and, ns a 
rule, short especially in the snout, which is deep from above 
downwards, and the eyes are relatively enormous and nocturnal. 
'Uhe hind legs are of great length and the fore limbs are short. 
A Jerboa with the fore limb, ipeasured from the elbow, of 
approximately the same length as that of a Zapua has the foot, 
measured from the heel, about twice as long as that of Zapua. 
Hence, when progressing on all fours, the gait of a Jerboa is 
exceedingly awkward, owing to the great elevation of the hind 
quarters. They seldom adopt that mode of progression, usually 
employing their hind legs alone. When moving at speed they 
take prodigious hops, like a Kangaroo; but they frequently go at 
a more leisurely pace, trotting or striding along like an ostrich 
or a human being, an action of which Kangaroos, and, ])re* 
sumably, Zapua also, are quite incapable. 

The great variation in the size of the ears affects the appearance 
of different species of Jerboas when compared with one another. 
They also differ in the shape of the muzzle. As above stated, the 
muzzle is typically short and truncated; but in Eucfioreutea^ 
hence named imao^ it is relatively long. Presumably also 
AUaetaga, although I have never seen a living example, must 
have a differently shaped muzzle from Jactdua on account of the 
prominence of the upper incisor teeth, which form an angle 
instead of, as in JaculuSy a continuous curve with the nose. 
Scarturua is intermediate between the two genera just mentioned 
with respect to the direction of these teeth. 

• $ee Flower and Lydokker^e ' Mammak, Living and Extinct/ 1 >. 480 (1801), 
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The Shimrium awi UofuJth, 

In Zapue the rbinarium is well defined and iiiat*ked by a 
distiitct vertical groove, formed by the thickened bulging upper 
and inner margin of the nostrils. Above the thickening of the 
upper rim there is a short transverse area. The area below 
the rhinarium, extending from the nostrils to the edge of the 


Text-figure 29. 



A. H«ad of Zapu§ kudmmianut, 

B. 

C. „ Seirtopoda 

D. M SeartnruM tetradaetylu§, 

upper up, is covered with shorter hair than the rest of the 
muzzle. There is no sign of a groove or philtrum dividing 
the upper Up in the middle line. (Text-fig. 30, A.) 

From Miller’s description of the rhinarium of Zicieta longer 
(Cat. Mamm. Western Biurope, p. 537, 1912), it seems that the 
muzzle resembles in general features, at all events, that of Zapue, 

46 » 
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He describes the anterior boi-der of the nostril as thickened, 
with a small wart beneath it [? the nostril], and the space between 
the nostrils as narrow, marked by a well-developed vertical ridge, 
and the upper lip as having no groove in front. 

In Jacuhis, Smrtopoda, and Scartums the rhinarium is very 
like that of Zapus, showing a similar thickening of the upper and 
inner rim nnd a median groove, but the area below the rhinarium 

Text-figure 30. 




B E 


A. Muzarle and rhinarium of Zaputt hudsonianus. 

B. „ „ SciHopoda orientalii. 

C. The aame, contracted. 

D. Muzzle and rhinarium of Jaculu$ jacvluB^ to show aspociaH}' the papillae, 

slightly enlarged and cleared of hair, carrying the long stout vibrissifle. 

E. Muzzle and rhinarium of Fedttet eaffer, 

in the middle line is naked and constitutes a kind of shallow 
philtrum. Of the muzzle of this genus, Anderson and de Winton 
said : — Over the bare area of the nose of Jaculua there is a 
thickened fold of skin capable of being drawn forwards, so as 
almost to cover the nostrils, this structure serving to protect them 
when the animal is using its broad snout to push out the earth 
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when diggiog its burrow (Madiid. Egypt, p. 304). The rhinarium 
when thus partially concealed also contracts very perceptibly, the 
nostrils are approximated and assume a more Tertical appearance, 
and the phiJtrum is obliterated by the median juxtaposition of 
the two halves of the upper lip. This device probably serves to 
exclude hue blown sand, as well as the soil when digging is in 
operation. (Text-fig. 30, B, 0.) 

The rhinarium of Pe^U 9 is quite unlike that of ZapuB and 
Jobc^duB, It is covered above and in front with fine shoi*t hair ; 
but the nostrils, which are elongated and appear to be valvular, 
are surrounded by a narrow rim of naked skin. The median 
portion of the rhinarium below the nostrils in front is angled, 
but there is no trace of groove or philtrum dividing the deep 
upper lip, which is covered uniformly with longish hair (text- 
fig. 30, E). 

Both in ZapuB^ JactduB, Scirto^mla^ and Scarturm, the mouth 
is provided with well -developed palatal and lingual lobes jutting 
inwards from the cheek. The palatal lobes meet along the middle 
line of the palate, but are separable and do not fuse in the 
middle line, the epithelium of the palate being smooth. The 
lingual lol)es, which are long, meet in the middle line over or 
in front of the tongue, forming a secondary floor to the mouth. 
2kipuB is provided with cheek-pouches opening just inside the 
corner of the mouth. The Jaculidee are without them, and, so 
far as I am aware, they have never been recorded in Sieista. 

In connection with the mouth, reference may be made to the 
presence in some genem of grooves on the incisor teeth. Their 
incidence is reninrlcable and puzzling. They are absent in JS^icuta^ 
the least specialised genus of the group ; but are present in Zctpits^ 
which seems to be much more nearly akin to tSieieta than it is to 
any genus of Jaculidfe. Within the Jaculidsp, the grooves are 
present in Dipusy Seirtopoday and CardiocraniuB ; absent 

in AUactagay ScarturuSy EuchoreuteSy and Pygeretmu$. Their 
presence, fvs recorded by Satunin, in Cardiocrwaim^B. genus 
resembling PygeretmuB in possessing five toes on the foot and a 
specialised broad lanceolate tail — suggests that the character has 
no great systematic value. 

Facial VihrisBas, 

The mystacial vibrissai are veil developed in Zaptis, One or 
two long supeituliary vibrissce ai*e also present; but in the long 
hairs clothing the cheek I failed to find the genal tuft. The 
interramal is represented by two very fine vibrissm in one example. 
In the Jaculidft) the interiumal tuft is apjwirently absent, 
and the 8Ui>erciHaries and genal tufts are of inconstant occur- 
rence, and represented at most by one or two fine vibrissie each. 
But the mystacialfi are well developed, one of them on each side 
set low down being stoutelr and longer than the rest. This 
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peculiarity ie not so well marked in AUaotaga and Scarturus as 
in JacultM; but; the two common Egyptian Jerboas differ some- 
what in this respect. In Sdrtopoda orientalU this long bristle is 
distinctly stouter and stiffer than the rest, and rises from a small 
papillary root, whei’eas in J, jaeidm the difference is considerably 
greater, and the papilla from which it arises is much larger. 
(Text-fig. 30, D.) 

In Pedetes the mystacial vibrissie are comparatively few in 
number and short, although stout. A few longish superciliaries 
are pi*e8ent. The interramal tuft is apparently absent ; but the 
genal is represented by two or three long vibrisssB set high up 
the cheek a little behind and below the posterior angle of the eye 
as in the Hystricomorpha. 

By the characters mentioned above the genera may be arranged 
as follows : — 

a. Bhitmriam ill deiineil, covered with hair except immediately round 
the nostrile, which are not visibly swollen and have no median 
groove between them ; superciliary and genal vibrissw well de- 
veloped ; mystacials stout and comparatively shoil; Pedet€$. 

a\ Rhinarium well dedued, nahed, nostrils with swollen rim and a 
groove between them; superciliary and genal vibrisssB few or 
absent, mystacials long and slender for the most part. 
h. Head narrow and low, murine in shape ; no median groove on 

' upper lip; mouth with cheek-ponclies (? in Sicisfa) Zapnt, Mlsfa* 

b\ Head broad and high j upper lip divided by philtnim, no cheek- 

pouches Jaeuluit Sdrtopoda, Scarturua 


The Ear. 

In Zapus the ear is moderately large and expanded, and arises 
from the head by a broad base which is not tubular. The anterior 
edge is normally overfolded, and inferiorly about on a level witn 
the supratragus it is produced into a lamina which is normally 
folded' inwards out of sight. The lower edge of this curves into 
the cavity of the ear and ceases on its floor. The tragus is 
represent^ by a small movable lobe, and the antitragus by a large 
tufted lamina which, w^hen the eai* is folded, projects forwards 
and closes the lower portion of the cavity. The orifice is situated 
just below and on the inner side of the deep intertragal notch. 
(Text-fig. 31, A~C.) 

Miller describes the eai’of Siciata loriyer as “ moderately large, 
extending a little beyond the eye when laid forward, its outline 
simple, ovate, its posterior border with large thickened lobe at 
base, capable of completely closing the meatus, its anterior border 
with minute though evident sub4>asal notch and projection ; 
both surfaces of ear densely clothed with short hairs ; basal lobe 
conspicuously tufted.” This description might have been taken 

* 1 have not Keen a sufficient numl)er of specimens of Allaotaga and other Asiatic 
genera of Jaculidaa to know whether the cleavage of the upper lip is a constant 
ciiaracter in this group or not. 
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from the ear of Zapus, with the anterior flap concealed, as is 
normally the case, by being folded inwards. 


Text-figure 31. 



A. Kar of Zapus hudsonianuit, expanded. 

B. The Name, contracted. 

C. Base of oar of the same, with basal portion cut open between tragus 

and antitragus. 

D. The same of Seartums MradaeftfUts. 

K. The same of Scirtopoda orientals, 

F. Kxpandwl ear of JPedetet eajjfer^ 

G. Folded enr of the same. 

H. IhiM’ of the oar of the same, cut opt»«. 

U infolded lamina of anterior border; tragus; at., antitragus; supmtmgus , 
o.f orihee of enr ; r., columnar process. 

In the Jnculid«» the ears vary greatly in length. In Mmho- 
rewtea, the longest-eared form, they considerably overlap the tip 
of the exceptionally long snout, when turned forwards. In 
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Scartimis^ which has a short snout, they surpass it by a little. 
In Allactaga indioa they reach about to the end of the mussle, 
aiul in most species assigned to this genus they appear, judging 
from Lichtenstein’s figures, to rench well beyond the eyes at all 
events. In Hcirtopoda orifintalis they overlap the eyes by a little ; 
in S, jamhis they just cover them. In other species figured by 
Lichtenstein they are as short as in the typical species or shorter. 
But despite their length they all apj^eav to be similarly con- 
structed. They are more or less tubular at the base, the orifice 
being sunk deep down within the cavity. There is no trace of 
tr.igal lobe or antitragal flap, such as are seen in Zapua and 
}^ici8ta\ but just within the anterior edge, on a level with the 
supratragus, there is a delicate membranous lamina descending, 
as ill Zapm^ into the tiilmlar basal portion and normally folded 
in out of sight. The lower end of this lamina curves backwards 
and inwards, and just inside its lower end there is a deep cavity 
bounded above by the anterior end of the supratragus, which is a 
slender delicate ridge running backwards towards the posterior 
edge of the ear, exactly as in Zapus, The orifice is situated 
a little below this anterior cavity, and is separated from it by a 
thickening. There are minor differences in the structure of the 
ear which may prove to have systematic importance, but my 
material is not sufficient in quantity to establish the point. In 
Sobdopoda orientalis, for instance, the anterior infolded lamina 
is larger than in Scarluras, and the area round the auditory 
orifice is more swollen. In Scarturus^ on the other hand, the 
lower end of the passage leading to th.e anterior pit is much more 
swollen than in S. orientalis^ and the tubular portion of the ear 
is provided with a fine delicate lamina ascending from a point 
behind the auditor}’^ orifice up to the position of the al>orted 
aiititragus. This is not so noticeable in S, ot'ientalia, Sclater's 
brief description of the ear of Zuchoreutea contains nothing to 
suggest any difference between that genus and the three 1 have 
examined in the structure of the organ in question, (Text- 
fig. Ml, D, E.) 

From what lias been .said above it will be clear that the kinship 
claimed to exist between Zapm and the JacuUdie on cranial 
grounds is completely borne out by the ear. The ear of the 
JaculidiB may be regarded as a derivative of the type seen in 
Zapus^ specialised by its more tubular base, with which the dis- 
appearance of the tiagns and antiti*agus is correlated. In the 
Jaculidie, too, the anterior Imsal pit is deeper and its inferior edge 
is closer to the auditory orifice. 

The ear of Pedeiea is very difierent from those described above, 
although in its tubular base and its length it recalls in appear- 
a nee the ear of some Jaculidae. It shows, however, in its posterior 
border behind the tip, a shallow but long emargination, similar 
to the emargination so common in many of the Hystricomorpha. 
The anterior edge is not overfolded and there is no inturned lamina 
at the base. There is no antitragus, but from the inner side of 
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the outer wall of the tubular base there arises a compressed 
process which projects upwards as a free outgrowtli some little 
distance above the margin of the basal tubular portion. When 
the ear is expanded this process, which possibly represents the 
tragus, inclines forwards along the edge of the ear in front of it* 
The supratiagus is a well-defined ridge running upwards and 
backwards, but stopping abruptly in the middle of the ear far 
away from its posterior edge ; and the wall of the ear between 
the posterior end of the supratragus above and the auditory 
orifice IhjIow is folded and creased* (Text^fig. 31, F-H.) 

The reason for the termination of the supratragus in the middle 
of the ear is this. When the ear is folded, it doubles up exactly 
lengthwise along the middle line, so that the anterior and posterior 
margins are evenly in contact throughout their length, except 
close to the basal tubular portion; but the space that is left 
between them at this spot is filled by the process above described, 
and that appears to be its function. The grooving of the wall 
of the lower portion of the ear is .also subservient to this peculiar 
method of folding, which could not be effected if the rigid supra- 
tragus extended across the cavity of the pinna. 

By the structure of the ear the genera discussed fall into the 
following three headings : — 

a. Kar long, folding exactly along the middle line, bo that its anterior 
and posterior edges coincide ; a columnar process rising from its 
Imsal tuhnlar portion ; supratragus a well-defined thickenetl ridge. 

No iiitumed flap at the base of the anterior edge in front Pedetes. 

Kar long or comparatively short, not folding so that the two edges 
of the pinna exactly coincide ; no columnar process rising from its 
banal portion ; a distinct inturued flaj) at the base of the anterior 
edge in front. Supratragus comparatively weak. 
h. A Biuall tragus and large autitragus, base of pinna not tubular. 

Zapus, Siciita. 

y. tragus or autitragus ; base of ear more or less tubular. 

j€ictUvtj Scirtopoda, Scarturus, Allactaga. 


The Fore Foot 

In Sicista sahtilh, judging from TnlllHirg's figure, the fore foot 
is compiiratively broad, short, and unmodified ; the four main 
digits are subequal in length, the third and fourth projecting a 
little beyond the second and fifth, the latter being a little shorter 
than the second ; the first, or pollex, is quite short, and springs 
from the middle of the side of the foot close to the distal edge 
of the carpal pad. The digital pads are moderate in size and 
elliptical, and the claws are small. The plantar pad consists of 
three moderately large iuterdigifcal elements, subtriangular in 
siiape and in contact or nearly so. The caiqml pads are large, 
covering about half the area of the sole, the internal element 
being about twice tho area of the external, which is in contact 
with it. (Text-fig. 32, B.) 

The fore foot of £apu8 is comimratively long and narrow* The 
carpal pads and pollex are tolerably similar to those of Sioietaf 
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but the three interdigital elements of the plantar pad are small, 
obscurely defined, circular tubercles widely separated from each 
other. The four main digits, moreover, are longer and thinner 
than in SiciMa aud unevenly spaced, the third and fourth being 
close together at the base, but the second is some distance from 
the thii*d, and the fifth from the fourth. The claws are compara- 
tively long, and the sole of the foot is gran nlar. The foot is a slight 
exaggeration of the type seen in Apo^inusai/lvatictts, the common 

Text-figure ‘12. 
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A. Right fnre foot of Scarturus tetmdactyluB, 

B. The same of Sieista suhtiliB (after TullWg). 

C. The same of Zapt«« hud 90 nianu$, 

1>. The same of Apodmnui tylvaticwt^ for comparison with C. 

E. Right hind foot of Sicuta tvhtilia (after Tnllberg). 

F. Tile same of Zaima hudaonianua. 

G. The same of Jpodemua ayhaUena, for compavisoii with F. 

English woo<l-mouse, the third and foiiHli digits lieing conjointly a 
little more removed from the second and fifth. (Text-fig. 32. C.) 

The fore feet of the Jerboas (Jacultdse) seem to resemble very 
closely those of Sicista in a general way, except that the claws 
are much longer, being generally very long, and the interdigital 
elements of the plantar pad greatly reduced in size. In Scarturua 
they are represented by three widely separated circular papillie ; 
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in according to Sclaterj there are only two, corre- 

sponding apparently to die median and outer of Scarturm ; in 
AUaetaga Mica 1 can find only the median remaining, whereas 
in Sdrtopoda crwnJUMc and J, jaetdua all definite trace of them 
seems to have disappeared, the sole of the foot in front of the 
carmi pads being merely marked by integumental creases. As 
in oieiaia and Zapus, the carpal pad is double, the outer or ulnar 
element being compai'atively small, while the inner or radial is 
very large, especially in AUaetaga Mtea, where it occupies 
practically the whole of the posterior half of the sole. The 
pollex is a mobile cylindrical process, covered above with a large 
nail in JeuftUuSy Sdrtopoda^ Scartwrua^ and AUaetaga^ but in 
Euchormtaa^ accoixling to Sclater, it is armed, like the other 
digits, with a long claw. This author also described the digits 
of Euohorautea as long, but, judging from the figure, they are no 
longer than in other genera of t^uUdae. As in several Bodents, 
notably the Squirrels, objects are held in the fore foot by folding 
the four digits back upon the large carpal pad, which plays the 
part, as it were, of a thumb. (Text-fig. 32, A.) 

The fore foot of Pedeiaa is short and broad, and has five well- 
developed digits, all armed with long, stout, nearly straight claws 
— the pollex being like the others, but shorter. l?he digital pads 
nre scarcely defined ; and the under sides of the digits and the 
shoi*t area of the sole distal to the carpal pads are naked and 
granularly roughened. No trace of plantar pads remains. The 
carpal pads are remarkable and, so far as I know, unique. They 
ai'e very large. The inner pad is an elevated thicken^ cushion, 
beset on the summit with minute spicules. The inner pad is 
laminate and normally fits closely against the outer pad, but is 
independently movable like a valve, so that a deep space separates 
the summits of the two pads. Its free edge, moreover, bears a 
fringe of long hairs. This modification suggests that the carpal 
pads are prehensile and aid in the grasping of food that is 
gripped by the digits with their long claws. These claws are no 
doubt also fossorial. (Text-fig, 35, A-C.) 

From the following summary of the characters of the fore foot 
it will l)e seen that Padetaa stands apart from the other genera. 
It may be noted, however, that Siciata falls with the Jerboas 
and not with Zapua : — 

tf. Fora foot with weU-dsveloped pollex armed with a claw ae long as 
on the other digits ; claws very long, stout, and straight : carpal 
pads sellable and prehensile, the movalde outer pad witn fringe 

oflongnairs Pedetes, 

a Fore foot with short pollex armed with a nail or slender claw ; claws 
* of digits 2 to 5 long or short, but slender and curved ; carpal pads 
normal, conduent, the outer immovable and not fringed. 

A. Foot elongated and narrow, digits unevenly spaced, 8 and 4> in 

a<lvaiice of 2 and 5 Zaj»us, 

h\ Foot short and broad, digits 2 to 5 evenly spaced. 

c. l^ollet armed with small (daw (sec. Sclater) Pkehoreutet. 

c'. I^llex armed with broad blunt nail SieUta^ JaeuVutt NcarMrua, 

SeirtDpoda, Mlaetagu* 
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The Hind Foot* 

The hind foot in Sicieta mhtilia, according to Tullberg’s figure, 
is much bioader and shorter than in Apodemus aylvaticuey but 
closely resembles in those particulars the foot of Satiua norve- 
gious. The hallux is shorter than in that species and closer to 
the second digit, and the second, third, fourth, and fifth digits 
are subequally spaced and close together, as in the fore foot, the 
third and fourth projecting a little beyond the second and fifth. 
The claws are short and the digital pads normal and semi- 
elliptical. The plantar pad is represented by four separated 
interdigital elements, the median being comparatively large and 


Text-figure 33. 



A. Bight hind foot of Allactaga indioa, 

B. The same of Scarturus Utradactylut. 

C. The sain** of Jaculu$ jacuhtSy with hair cut ehort. 


triangular, the others much smaller and subcircular, the one at 
the base of the hallux being remote from the rest and only a 
little in advance of the external metatarsal pad, which is also 
quite small and subcircular, while the internal metatarsal pad is 
elongated and situated near the inner edge of the foot halfway 
between the heel and the faallucal element of the plantar pad. 
(Text-fig, 32, E.) 

The bind foot of Zapua is very different from that of Siciata, 
It is vexy long and slender, the second, third, and fourth' digits 
being well in advance of the first and fifth, with the second 
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farther from the third than the latter is from the fourth, these 
two being closely united proximally. The halluN is moderately 
long and slender, and rises a little behind the origin of the fifth ; 
it reaches to the base of the second, which is shorter than the 
third approximately by its digital pad ; the fifth reaching only 
to the distal end of the narrow webbing tying tbe third and 
fourth closely together proximally. The claws are long and 
slender, and the digital pads elliptical. The plantar pad is repre* 
sented by four small, isolated, subcircular, interdigital elements 
set on the granular sole in accordance with the disposition of 
the digits. The metatarsal pads are represented merely by the 
internal element, which is a small subcircular pad set one-third 
of the distance along the metatarsal area between the hallux 
and the heel. (Text-fig. 32, F.) 

The hind feet of the Jaculidae differ profoundly from those of 
Zapus in the disposition of tbe digits and other particulars. 
They are markedly perissodactyle, the third dfgit being the 
longest, set in the middle line, and symmetrically fianked on each 
side by tbe second and fourth, which are equal in length and 
rise at the same level. Their digital pads are moderately or very 
large, deep, compressed, and laterally grooved, with lobiilate 
dis^l edge. The plantar pad is represented by a larger or smaller 
soft median papilla, pointed apioally. The metatarsus is much 
longer tlian in Zapm^ and, as is well known, the three bones 
corresponding to the three main digits are completely fused into 
one. The first and fifth digits may be absent or present. When 
present they rise a long way back on the metatarsus, and, since 
they do not normally touch the ground, have been described as 
functionless. They are slender, with a small normal digital pad 
and thin longish claw. The metatarsal bone proper to each 
remains distinct from the median cannon ” bone, and, when 
both these digits are retained, they spring from the side of the 
metatarsus at the same level. Progressive reduction in tbe 
number of digits from five to three is shown in the family. In 
Pi/geretimt8, Allaciaga, and Euchcrmtes the fii*8t and fifth are 
i»etained. In Scariurm the first is lost and the fifth retained. In 
Jamlus both are lost. The underside of the digits vaiies greatly 
in hairiness. In the two Egyptian species, Jacvlm jactikis 
8(Artopoda ormiialisy they are thickly fringed on each side with 
long hairs, which curve inwaixis over the under surface of the 
digits and form a soft hairy cushion. Close to the pads these 
hairs are exceptionally long. They quite conceal the median pad 
from the lateral aspect, but the pads of the second and fouii;h 
digits are not entirely covered by them. In these two hairy- 
footed species the median plantar papilla is very small and soft, 
and the digital pads are comparatively small. In Sca7'ttvm$^ 
which occurs in the same localities as Smrtopoda orientalise on 
the contn^ry, the under sides of the digits have no long fringes, 
and the digital pads ai’e very lai*ge and deep, and more strongly 
grooved and marginally lobate than in Seiricpoda orienUdis and 
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Jaculm jaoult6S^ They eoaoeal the cluws from the lower Rgpeot 
of the foot, but these claws are smaller than in J, jaciUus and 
S. orwntalu. The plantar papilla, moreovei*, is a large conical 
emincRoe. The thxee main digits of AUaUaga indioa resemble 
those of Smrturm teiradadylm in the comparatively scanty 
development of hairs on the under side; but the pads do not 
appear to be so large*. Kevertheless, the plantar papilla is a 
li^ge conical eminence as in Scarturu$. (Text-figs. 33, 34.) 

In the four species of this group above described the claw of 
the median digit is considerably smaller than those of the lateral 
digits* 

Text-figure 34* 


B 


E 


• A. Right hind foot of Scarturus tetradaetylwt, from outer tide. 

B. Lower view of same, with digits closeil together. 

C. Right hind foot of Allaetaga indioa^ from outer side. 

D. The same of Hairtopoda orimtalU, 

K. Lower view' of the same, with digits closed. 

The hind foot of Pedetea^ although saltatorial, has the meta- 
tarsus much shorter in relation to the length of the digits than 
in the Jaculidm ; but it resembles the hind foot of the latter in 
having the third digit the longest, set in the middle line, and 
flanked on each side by the second and fourth ; and, as in the 
Jaculidm, the under side of the dints and mostly of the meta- 
tarsus is naked, but covered with the Imirs wliich overlap them from 
the sides. As in ScarturtiSj there are four digits, the first having 
entirely disappeared, while the fifth is retain^. But, apart from 

^ The only specimen exitmined Hod been for many years in aloohcl, apd possibly 
the pads were shrunhen in sise« 
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these fea-tures, the foot is vary different from thetof all the genera 
of Jaculidso. For instance, the fifth digit forms a uniform series 

Text-figare 35. 




A. Left fere foot of Fedeien cqffer, from outer side, 

IL Riirht fore foot of the aa»>e, from below, 

C. Two curpal |md« of tho same, spread (on rather lai^er scale). 
1). Right hind loot of tho same, with hairs cut short, 

K. Jjefb „ „ with hairs entire, 

F. The same from outer side, showing fourth and fifth digits. 
0 ,, outer movable carpal lobe with fringe of hair ; 5, fifth digit. 


with the next, the space between it atnl the fourth being equal 
to that between the fourth an^i third or third and second. 
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Again^ the claws are broad and strong like jointed hoofs, and 
beneath are completely fused with the digital pads, which are 
represented merely by an ill-defined area constituting the heel 
of the hoof. I can find no trace of plantar pads, although Tull- 
berg describes one at the base of each digit. All that 1 can find 
is an elevation at the base of each digit formed by the underlying 
bone. That, however, does not constitute a pad. The middle 
area of the foot behind the base of the digits is provided with a 
mat of long hairs which functionally takes the place of the 
plantar pad. Behind this the sole is naked up to and including 
the heel. (Text-fig. 35, D-F.) 

Good characters for distinguishing the families, subfamilies, 
and the principal genera are supplied by the hind feet : — 

a. Claws broad aud hooMike ; digital pads scarcoh' developed, merely 
forming an ill-defined heel to the hoofs ; plantar pads suppressed, 
their pUu:e taken by a mat of hairs above the base of the digits ... Pedetet, 
a\ Claws sharp and curved, not hoof-like ; digital pads normally or 
exceptioniuly developed; plantar pad present, the middle of the 
foot above the base of the digits naked. 

6. Foot with separated metatarsals, "murine," artiodactyle or nearly 
so ; plantar pad represented b^ four iiiterdigital papillw ; balluv 
much smaller than fifth digit and higher up the toot, the fifth 
* at least reaching the base of the fourtli ; digital pads nomial. 
e. Foot short with digits 2 to 6 subeqiial, suheqiially spaced, and 
terminally almost in a line; plantar and metatarsal papillm 

comparatively large Sivista. 

e'. Foot long, with third and fourth digits terminal and close 
together, the second farther from the third, and the filth still 
father from the fourth; plantar and inotatarsal papillm 

minute Zapata. 

Foot with three median metatarsals fused, very long, not "murine," 
markedly perissodactyle ; plantar pad represented by a single 
metlian conical papilla ; hallux, when present, as laige as the fifth 
digit aud set on the same level, so high up the foot that their tips 
fall far short of the bases of the adjoining digits ; digital pads of 
second to fourth large, deep, compressed, and deeply grooveil 
laterally. 

d. Fifth digit retained ; short fringes of hair on digits 2 to .3 ; 
plantar papilla very large and exposed *. 

e. First digit (hallu.v) retained AVavtaga. 

e\ First digit (hallux) absent ... Scarturua. 

d\ Fifth digit absent ; long fringesof hairs on digits 2 to 3 ; plantar 
papilla very small, nonnally concealed by uverfolded fringes 
of hair Jaatltia, Scirtopoda. 


Tails. 

In Sicista and Zajms the tail is long, subcylindrical, tapering, 
and covered with scales and short hairs as in typical murine 
Bodents, the hairs at most forming a slight terminal pencil. In 
the majority of the Jaculid® it is more definitely quadmte, 
covered with short hairs, not distinctly scaly, and is provided 
with a distinct terminal tuft, which, however, varies considerably 
in size. In Jacidus jaadas^ Sdrtopoda orientalia^ and ^Scariurm^ 

• Tlie hairine^B of the feet in mny vary epecifically accordiiij^ to 

habitat, 
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for instance, the hairs of the tuft are long and show a marked 
tendency to a bilateral, distichous, or feather**)ike arrangement, 
apparently to give support and prevent the end sinking into soft 
sand when used as a prop ; and probably for use as a guide-mark 
in the dark, the tuft is usually conspicuously black or brown and 
white, the distal half being white and the proximal black or deep 
brown, and frequently additional white hairs precede the dark- 
colour^ portion* The size of the tuft, however, varies even 
within specific limits. It is, for example, very large in Allactaga 
saUens Om. (» jaculue Pall.) and quite small in Alactaguhis 
acontion Pall, and Allactaga elater Pall., judging from Lichten- 
stein^s figures. In the two first-mentioned, moreover, it is 
conspicuously coloured, whereas in the last it appears to be uni- 
formly or nearly uniformly brown. In Euehoreutes^ according to 
Sclater, it is moderately developed and bicoloured, but “the 
hairs do not seem to be arranged in so distichous a manner as in 
Alactaga!^ 

Two genem, however, of this family — ^namely, Pygeretmut and 
Ocerdiocranim — have the tail of a very dififerent shape. It is 
narrow and cylindrical at the base, then broadened, depressed, 
and lanceolate, with the apex attenuate, but not tufted at the 
end as in typical Jerboas. Thus two distinct types of tail are 
found in the Jaculidae. 

In Pedetea the tail is long and bushy throughout, being 
uniformly and thickly covered with long hairs from base to 
apex. 


Summary of the Characters of the Tails. 

a. Tail subcylindrical or suhquadrate. 

b. Tail uniformly and thickly covered throughout with long hairs .. Fedetes. 
Tail covered for the most part with short hairs, often tufted at 
the end, 

c. Tail covered w'ith short hairs and rows of scales, at most 

pencilled at the end .. Sicisia, Zajyits, 

c'. Tail covered with hairs, but not visibly scaly, with larger or 

smaller terminal tuft Jaculut^Scirtopoda^ 

ScarturM^ Allaetaga^ JStu‘hor 0 utes, 
a. Tail broad, flattened, and lanceolate, covered with short hairs, 

apically in'iicilled, not visibly scaly , . Fggeretmug^ Cardiocranius* 


Anus and Exter^ial Oenitalia. 

In Zapua the anus, as in most Rodents, opens in the centre of 
an area of naked skin above the genital orifice, the two orifices 
being separately visible on superficial inspection. In the female 
the vulva is, however, just below the anus and the naked skin 
surrounding it is continuous above with that surrounding the 
anus. There is no elongated, conical, preputial excrescence and 
no visible external clitoris. In the male the penis, normally 
retrospective, is separated by a fringe of hair from the anus 
Paoc. ZooL. Soc.-~1922, No. XLVI. 46 
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Text-figure 36. 
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A. Rear eud of Scirtopoda orientalUy from behiud, with the anal lobe raised 
to show the anal orifice (a.) above the penis (p.), 

'B. The same from the side, with the anal lobe in natural position and the 
penis (p.) partially protruded. 

0. Upper side of glans penis of Scirtopoda orientalUy with spikes lying 
forwards. 

D. Lower view of glans penis of the same, with apex dilated. 

E. Dilated tip of glans penis of the same from the front, with spikes 

raised. 

F. Side-view of glans penis of the same, with spikes partially raised. 

G. Upper view of glans penis of Jaculue jaealue, 

H. Lower view of the same. 

1. Tip of glans penis of the same, ^om the front. 

K. Upper side of glans penis of Scartnme tetradaetpUu* 

L« Rear end of $. tetradaetylue^ with glans partially protruded. 

M» Rear end of Fedetee caffer, from behind, with crescentic anus above 
penis* 

anus; p., glandular pit in penis of Scirtopoda orimtalU; o., genito-urinary 
orifice; p,, penis. 
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above, and its glans ig slender and subevlindrioal, according to 
Tttllberg*. 

In all the specimens of Jaculidse examined the anal and gene* 
rative orifices are so closely applied that on superficial inspection 
there appears to be a single orifice only, situated upon a thick 
naked excrescence a little distance below the root of the tail. 
In the females, indeed, the vulva and anus are slightly insunk, 
and are closed by a common sphincter. In the males the tip of 
the penis in its natural position is pressed up against the lower 
side of the anal prominence which carries the anal orifice, con- 
cealed from view, on its underside. This prominence is exceed- 
ingly large in Scirtopoda orientalls (text- fig. 36, A, B). 

The penis of Scirtopoda orientcdia was first described by Sonnini t 
and Olivier Tiie glans is large and oval in shape, and is thickly 
covered with many backwar<ily directed short spines ; but, in 
addition, it is armed with a pair of long slender stiliform spikes, 
like those in the pouch of the glans of CmlogmySy Gavia^ and 
some other Hystricomorphs. These spikes are rigid, except at 
the tips, which are soft. According to Sonnini, these tips form 
a small yellow button like the antliers of certain flowers; but 
in the specimens examined by me they were pointed and only 
distinguishable by their softness from the rest of the spike. 
Normally these spikes lie forwards upon what is the upper side 
of the penis when this organ is extended from the prepuce and 
directed forwards, and their tips overlap the apex of the glans ; 
but they are capable of being elevated or even directed back- 
wards. Beneath the narrowed apex of the glans the large orifice, 
which has an upper and a lower lip, opens, and on each side of 
it there is a shallow, probably glandular, pouch. The lower side 
of the glans is provided with a median, probably glandulai*. 
gutter, the edges of which, when brought together, form a 
narrow lineal crease (text-fig, 36, C-F), In Jacuhis jaculm the 
glans penis is very different, as Anderson and de Winton pointe»l 
out. It has no spikes, and the small spines seen in Scirtopoda 
orieatalia are represented by minute pits, in eacli of which there 
is sunk a scale with serrulate free edge. There is a median 
thickening on what is the upper side of the penis when this 
organ is turned forwards, and there is a narrow median groove 
below. Tliere is a curved groove above the upi^er lip of the orifice 
and a small prominence on each side of it, but no glandular 
depression. (Text-fig. 36, G-I.) 

In Scartiirm the glans ia oval or cordate from above or below, 
pointed from the side-view, and the terminal orifice is simple. 
It is armed with sharp recurved spines, which are fewer in number 
and relatively larger than in Scirtopoda orienkdiSj but there is 

^ In tho specimen I examined the tip of the glans was covered with an extra- 
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no trace of the pair of long spikes seen in the latter species. 
According to the descriptions of Olivier and Tull berg the glans 
penis of AUactaga saliens closely resembles that of Smrtwrm, 
(Text-fig. 36, K, L.) 

The anus and genitalia of the male of Pedetes caffer were 
described and figured by Calori^. To his account Tullberg had 
nothing to add. The anus is situated a long way below the root 
of the tail, much farther than in the Jaculidoe, and the prepuce 
of the retroverted penis forms a conical prominence beneath it. 
Superficially the anus appears as a crescentic slit, with the 
concavity downwards; and this appeai’ance results from the 
downward growth of the skin of its upper border forming a 
flap over the anus itself. Calori described a gland-opening in 
the middle line of the perineum between the anus and the penis. 
This does not appear to me a very appropriate description, 
because no orifice is visible on the area named. There is, how- 
ever, the orifice of a gland-opening within the prepuce just above 
the urino-genital oiifice when the penis is retroverted and at 
rest. The penis itself is elongated, compressed, anti covered 
with minute spicules ; but there is no trace in it of the 
glandular pouch which is so characteristic of the Hystricomorphs. 
(Text-fig. 36, M.) 

a. A large gland-opening within the prepuce of tlto male on the anal 
aide of the genitO'urinur}' orihee ; aiuiB in the form of a crescentie 
slit some distance aliove the penis Pedetes. 

a\ No preputial gland on the anal side of the genito-urinary orifice of 
the penis; anus not creswntic in shape. 
h. Anus exposed above the tip of the peais, which is not tucked up 

against it .. Zafus. 

Anus concealed beneath an exeresceiico. to the under side of whicii 
the tip of the penis is applied. 

c. Gians penis spiny with two immense erectile spikes Scirtopoda. 

c\ Gians penis without spikes. 

d. Gians penis elongate<l, parallel-sided, covered witli minute 

pits, each provided w'ith a serrate scale ... Taculus. 

d'. Gians penis ovate, armed w ith spines ScarturvSy AUactaga. 

The Skull q/'Searturus, 

The skull and dentition of Scarturics agree in essentials with 
those of Allactaga, and differ in many points from those of 
Jaculus — that is to say, the incisors are ungrooved and slightly 
projecting, though not nearly so strongly as in A, indicn^ for 
example; the minute upper premolar is I'etained ; the zygomatic 
arch is comparatively slender where it forms the anterior wall of 
the orbit ; the channel for the nerve is formed by a deep notch in 
the ’floor of the antorbital foramen and not a closed tube as 
iit Jaculus ; the auditory bull® are much less inflated tlian in 
JaculuSf despite the large size of the cars, and the mastoid is not 
visibly inflated. I cannot, indeed, find any generic characters to 

• Mem, Accad. J?ci. Bolognn, v. pp. 297-298 (IBoi). 
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distinguish the skull of Sca/rturm from that of unless it 

be the lesser prominence of the incisor teeth and the presence of 

Text-figure 37. 




A. Skull of Scarturvn tetradactiflus, from the 

B. The same, from below. The molar teeth which were out of the ekull 

an* diafi^rammatically reproseiiUKl. 

C. The t»ame, from above. 


a longish median process projecting backwards from the palate 
over the mesopterygoid fossa, a character observed in the one 
skull of Scariurtis examined. 


Ths Geims Bcirtopoda BrandU 

In his selections of the type-species for some of the genera and 
subgenera introduced into the family Jaculidie by the older 
authors, Thomas cited THpm mauritankuB Duv. as the typical 
representative of Brandt’s genus Scirtopoda and also of its sub- 
genus HaUomya (Ann. Mag. Nat, Hist. (8) ii. p. 308, 1908). He 
also stated that inatcritanicuB is identical with or closely allied to 
the large Egyptian Jerboa described by Olivier as Jaculus gerboa^ 
the species quoted as JactduB orkntalis in the pi'eceding piges of 
this paper. Except that the eai's are relatively and the bodily size 
actually larger in this s{>ecies than in JocuIhb jaculus and the 
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colour slightly different, I can find no difference between the two 
in external characters to which I should attach generic value. 
In dentition and cranial characters they are also much alike. 
But the external genitalia of the male are profoundly diflFerent. 
In my opinion these differences are of greater systematic im- 
portance than the cranial and dental characters employed for 
separating generically siicli forms as Jaculus jaculus and IJipvs 
sagitta^, 1 propose, therefore, to resuscitate the genus Scirtopoda 
Brandt, separating it from Jamdus by the peculiar armature of 
the glans penis. 

I am not in a position to give an opinion ns to the suggestnl 
identity between S* wxmrUankm and S, orientalis ; but Duvernoy s 
and Lereboullet’s figures and description of the penis of maurk 
tanicus (Mem, Soc. Mus. Strasbourg, iii. no. 2, p. 48, pi. iv. fig. 12, 
1842) show that that organ is of precisely the same nature as in 
OTienUdu. The spikes on the penis appear, indeed, to be shorter 
in mauritamcus than in orientalis, but that may be iimrely an 
individual difference. 


Conclusions. 

The analytical keys published in the foregoing pages to show 
the incidence of the genera according to the characters described 
attest the isolation of Pedetes from the rest of the genera, and 
thus bear out the prevalent opinion of the present day that that 
genus is in noway related to the Jerboas and Jumping Mice. 
Pedetes., therefore, need not be considered further in the present 
connection. 

The keys also bear witness to the affinity nowadays admitted 
to exist between the Jerlioas and the Jumping Mice, but show 
that the two may be sharply distinguishetl by the structure of 
the hind feet. 

In 1901 Lyon (Proc. U.S, Kat. Mus. xxiii. p. 6(56), using 
skeletal (mainly cranial and dental) characters, classified tlie 
Jerboas and Jumping Mice as follows 

Family Zapodid^. 

Subfamily Sminthik^ {Sminthm, ? Eoviys). 

„ Zapodina*: {Zap/us, Napaeoziqms, Eozapus). 

Family Dipodida:. 

Subfamily Dipodin^ {Dipus, Allactaga, and probably Platycer- 
coniys). 

„ Euchoueutina: (Eiwhoreutes). 

* I am aware that the une of soft parts for difiercntiating genera of MaTiiinaU 
may be an annoyance to modern systematic maminalogists, who, following the 
faihion set in the United States, like to from dried skins and skulls. But, 
although the zoo-geographical and other results obtained from that method are of 
great value and interest, 1 am sim^ that the sooner the swing of the pendulum carries 
us hack to the method in vogue thirty years ago of working from fresh or spirit- 
preserved material, combined with skins, the better it will be for the science of 
nmmmalog 5 % 
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Apart from the alterations neoesaitated by the nomenclature 
now in vogue and the addition of several recently proposed or 
recently restored gmieric names to the Jerboa family, 1 have no 
modifications of this classification to suggest, except the severance 
from the rest of the Jerboas of the two genera Pygerelmua 
(PkUyeercomya) and CardiocraniuB^f which agree in having broad, 
flattened, lanceolate tails, distinguishing them at once from the 
rest of tlie family. They may constitute the subfamily Pygeret- 
minae, vrhich appears to be a specialised offshoot of the five- 
toed All<iciaga-gco\vg. The two genera differ at least in the 
following characters: — Pygeretmim has lost the anteHor upper 
premolar, which Caidwcraniua retains; the latter has grooved, 
the former ungrooved upper incisors. 

Lyon divided his Dipodinee into two groups: (1) Dijma^ with 
its subgenera, possessing three toes, a considerably inflated 
mastoid, the upper incisor grooved, the anterior upper premolar 
absent, and the antorbital canal for the nerve complete. 
(2) Allactaga^ with its subgenera, has more than three digits, the 
mastoids not much inflated, the upper incisors without grooves, 
the small anterior upper premolar present, and the antorbital 
canal for the nerve incomplete. 

If the above-mentioned chamcters held good there would be 
strong reasons for separating Allmiaga and its kindred from 
Dipus and its allies as a special subfamily Allactagiuse. But 
there seem to be too many intermediate forms to make such a 
course advisable. In the number of the toes, for instance, 
Scarturus is precisely midway betw^een Dipus or Jatcitlus and 
AUctctaga, In the Asiatic three-toed Jerboa, Diptisf^ the 
mastoids are much less inflated than in the African forms, 
Jaculus and Scirtopoda ; Dipm thus connects those genera with 
AUactaga in that particular. In Dipus^ too, the anterior small 
premolar is I'etained as in Allactaga<, whereas it is lost in JcmJm 
and Scirtopoda, On the other hand, the small five-toed Asiatic 
Jerboa, Alactagulus acontion^ resembles the three-toed African 
genera, Jaculus and Scirtopoda^ in the loss of this molar. 

Of the characters mentioned by Lyon, therefore, there remain 
as distinctive only the presence or absence of the grooves in the 

* Satmiin, Ann. Mas. Zool, St. Potorsb. 1902, p. 683. The genus Cardioercmius 
has an extraordinarily wide and inflated cranial portion of the skull, which, as com- 
pared with the facial portion, is much larger oven than in Ewfhorwtes, I associate 
this genus with Fygeretmus on the assumption that the peculiarly modifled tail 
has not been developed twice independently within the group. 

t For the sense in which this genus is here used, Bagitta being its type-species, 
see Thomas, Ann. Mag. Kat, Hist. (8) ii. p. 808 (1908). Troi^ssart seems to have 
been unaware of this paper by Thomas when he published his ‘ Faune des Mamm. 
d’Furope ’ in 1910, At all events, he proposes the new name Dipodigu$ for the 
group of Asiatic three-toed species, with sagitta as the type, for whicli Thomas 
the old name Dijpiee to be available. Satnnin seems to have come in- 
dependently to the same opinion on this point as Thomas (Mitth. Kankas. Mus. 
1907, p. 72). Trouesaart also resuscitated 8cirt<y!>oda in quite a diifere^ sense 
from tnat in which Thomas employed it (cf. p, 679). But, since Thomas 

was the first reviser of the nomenclature of these Jerboas, I follow his decisions. 
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upper incisor teeth and the closed or open canal for the antorbital 
nerve* I am not aware whether these are constant differences. 

Adopting Lyon’s classification with the modifications above 
mentioned, the families and subfamilies of Jumping Mice and 
Jerboas will be as follows : — 

L Family ZAronin-B. 

1. Subfamily Sicistin^ Sminthin.® (Siciata). 

2. „ Zapodin^e (ZaptiSf NapcBozapm^ Eozapua). 

II. Family Jaculidje or Diponin-fi. 

1. Subfamily Jaculin^ or Dipobikjs {Jaculus, Sdrtopoda, 

DipuSf ScarturuB^ AUactagay Alactagulua). 

2. „ PYGEHETMIN2E (P^geretmtia^ Cardiocranitia), 

3. „ Euchoreutin^ (Euchoreutea). 

The chief distinguishing characters of the Zapodidee and 
Jaculidas and of the Sicistinse, Zapodinse, and Euchoreutinse may 
be found in Lyon’s paper. Those of the Pygeretminae are stated 
above. With regard to the Jaculinse, the genera which appear 
to me to be admissible, though there may be others, may be 
distinguished as follows : — 

a. Five or four toes on the hind foot; incisors ungrooved ; antorbital 


nerve*canal open above. 
i. Five toes on foot, hallux present. 

c. Small upper premolar retained Allactaga. 

c'. Small upper premolar lost Alactagulua, 

Four toes on foot, hallux lost (skull and dentition as in 

Allactaga) Soarturua* 

\ Three toes only on hind foot; incisors grooved ; antorbital canal 
closed above (P alwap). 

d. Small upper premolar retained ; mastoids less inSated Dipua* 

d'* Small upper premolar lost ; mastoids much inflated* 

s* Gians penis without spikes, with inannk scaly armature Jaeulua. 

Gians penis with a pair of large erectile spikes and spinous 
armatnre Scirtoj^oda, 


* See Miller, Cat. Mamm. Western Europe, p. 630 (1912), 
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( 1 ) Preface* 

This paper on the genus Ligia is intended to be the first of a 
series dealing with the Terrestrial Isopods. The opportunity of 
undertaking the work was given to me by Dr, W, T. Caiman^ 

F. B.S,, who placed at my disposal the material, now in the 
possession of the British Museum, which belonged to the late 

G. Budde-Lund, The author of * Isopoda Terrestria * evidently 
intended to use this material, which comprises specimens of most 
known species of terrestrial Isopods, for the revision of his great 
work on which he was engaged at the time of his death. He was 
only able to complete the genera EuLelum, Armadillo^ and the sub* 
family Spherillonines, but he left notes of observations on other 
genera which will be refewed to in their proper place, I propose 

• For txpkuatioa of the Plates see p. 708. 
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to endeavour to carry on, from the place at which it was left by 
Budde*Laud, the task of making a critical revision of the ‘Isopoda 
Terrestria,’ with the aid of his collection and other material in 
the Museum. 

I should like here to pay tribute to the generosity with which 
Dr. Caiman has always put his unrivalled knowledge of the 
Crustacea at my disposal during this investigation ; my grateful 
thanks are also due to my wife for many of the figures illus- 
trating this paper and a great deal of other tedious work, and to 
Mr. Frank Forty for his excellent figures of L. pigmientata and 
Z. perkinsL 

(2) Introduction, 

Budde-Lund recognised seventeen species in the genus LigiUy 
five of which he had not seen and therefore did not describe. 
Since the publication of ^ Isopoda Terrestria ’ seveml new species 
have been created, three of which still stand, some of the doubtful 
species have been set on their feet, and the genus GeoUgia has 
been created to contain two purely terrestrial Ligiidse. Budde- 
Lund’s descriptions were always in Latin and, valuable as they 
are, were often extremely sketchy ; and no serious attempt was 
made to describe thoroughly any species of Ligia until Sars 
in 1899 gave his classic diagnosis and figures of Ligia oceanica. 
Later, in 1901 and 1916, Chilton did an equally admirable 
service for Ligia novce-zealandice and exotica. Not all modern 
descriptions have improved greatly on their predecessors, although 
Miss Richardson has given, careful accounts of the American 
species of Ligia, 

Having had the privilege of examining an extended series of 
forms, I have been in a very favourable position for weigliing the 
relative impQrtance of various characters in diHcriminating 
between species. In descriptions of new species, clwracters are 
again and again cited as specific which are found on examination 
to be generic, but not referred to — either being considered as un- 
important or not having been noticed — ^by previous authors. For 
example, such a careful and reliable uriter as Chilton gives 
“ transverse depression just posterior to the angle of the eye, 
interrupted in the middle ” as a specific character of Ligia novcp- 
zealandice, when, in fact, there is no Ligia of any species I have 
seen in which this depression ” is absent. 

(3) Sexual Characters, 

The very marked sexual differences have been a stumbling- 
block in the recognition of genuine species. 

The secondary sexual characters in which the sexes differ 6ire 
as follows : — 

1. The antennee of the male are usually relatively longer than 
those of the female and are frequently stouter, though not in all 
species. 
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2« The perseopods often possess well-marked processes or spines 
in the male only, and also frequently bear a plate-like expansion 
covered with file^like serrations on two or more segments of the 
first two or three legs, as has already been remarked by Chilton 
in Ligia oceamca (1899)* The feature is constant enough to 
justify the conjecture that it is of value in holding the female 
in pairing. 

3. 'I’he sutures between coxal plates and terga are frequently 
well marked on the dorsal surface of three or more segments of 
the thorax of the female, but in the male there is rarely more 
than the faintest indication of the suture. This character will 
be referred to in detail in the description of each species and in 
the discussion on GeoHgia, 

4, The male is usually larger than the female, but frequently 
relatively naiTovver ; doubtless this difference is associated with 
the brood-pouch of the latter. 

It follows from this that descriptions of species founded on any 
of the above characters, in which the sex is not named, must be 
looked upon with suspicion. As far as po.ssih)e I have always 
noted in the following pages characters in which the sexes differ, 
or have stated on wliich sex the description has been based. 


(4) Generic and Specific Characters. 

Nearly every external character possessed by Ligia has been 
used from time to time for systematic work. As these characters 
are of very unequal value, I will pass them in review and 
endeavour to justify the chameters on which I have based my 
descriptions. 

The jiroportions of the body and the mze vary with age and sex, 
but bearing that in mind, they*^ may be a valuable guide. 

The shape of the somites of the body differs vei'y little in the 
different H})ecies. As a rule the hinder margins of the first 
three thoracic somites are transverse and the remainder pro- 
gressively more and more curved, and the coxal plates ace draw n 
out into progressively loiter backwardly- directed spines. The 
first three or four somites of the thorax are about equal in length 
and the others successively shorter. Unless there is any strongly 
marked difference, I have therefoi*e omitted these points in my 
descriptions. 

The general shape of the body cannot be described in other 
terms than “ elongate-oval or the like, so it is unnecessary to 
repeat it for each species. 

The eolmr in the case of preserved specimens, especially if they 
have been kept in spirit a long time, is almost valueless. 

The aarfetee of the body is always covered wdth minute 
granulations, and the free margins of the somites are beset with 
minute setae, but in some species the surface is notably smoother 
than in others. 
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The iiephalon has a transverse groove on its hind border and 
two somewhat pear-shaped post-orbital pits (“interrupted de- 
pression of Chilton). There are three transverse grooves on the 
epistoine in all species. 

The eyes of the same species have been described by different 
authors as “ moderate,’^ “ large or “ small.” Compared with 
some nearly related genera, the eyes of any Ligia would be 
large : it is therefore unnecessary to do more in a specific descrip- 
tion than compare one species with another. 

The abdomen (metasome) has the first two somites covered by 
the last thoracic and without the drawn-out pleural plates possessed 
by the remaining somites. The difference in width between 
abdomen and thorax is more marked in some species than in 
others, but I cannot consider it a good character, as it is distinctly 
affected by the preservation of the specimen ; when the body is 
fiaccid and the anterior abdominal somites are more exposed, the 
difference is exaggerated. In many species there ai'e indications 
of lateral oblique carinse on the third, fourth, and fifth abdominal 
somites. I have noted the character when it is conspicuous. 

The terminal segment (telson + 6th abdominal somite) varies 
slightly with every species and is, therefore, a valuable cha- 
racter. The posterior margin may be produced into spines or 
blunt processes. It may bear a median process which may be 
acute or almost obsolete; the corners may he drawn out into 
postero-lateral processes. On each side above the point of insertion 
of the uropod the margin may bear two processes (sometimes 
little more than undulations), the inner and outer accessory 
processes (P). II. fig, 10). 

The key given on p. 689 is based in the first place on the shape 
of the posterior margin between the two inner accessory processes. 
If a median process is present, the margins on either side of it, 
between it and the inner accessory processes of each side, are 
always, however slightly, concave. Long usage has sanctioned for 
this type of telson the inaccurate term “ triangulate,” 

On the other hand, an “ arcuate ” margin is smoothly convex 
between the inner accessory processes. 

It is conceivable that cases may arise which are intermediate 
between the two types, but the material described below presents 
no difficulties. 

The appeiidage>s are of great systematic value. 

The first antenncB are vestigial throughout the genus. 

The second antennce differ greatly in length, in the character of 
the segments of the flagellum and in the relative length of the 
peduncle and flagellum. I have followed Miss Richardson in 
describing the length of the appendage in relation to the somites 
of the body, but I cannot follow her in attaching importance to 
the relative length of the segments of the peduncle. The 
number of segments of the flagellum is useful as a general indi- 
cation,' but as it sometimes differs on the two sides of the same 
animal, it must not be taken too seriously. 
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The mouth-parta differ slightly throughout the genus. It is 
interesting to note that in the majority of species the mazillipede 
(whose p^p has always five separate or indicated joints) and 
second maxilla differ from those of lAgia oceanica, the type of the 
genus. The first maxilla and the mandible are, however, very 
constant in structure, on which account I have considered it 
unnecessary to deal with them under each species. 

The perceopods are always biunguiculate. In the males of certain 
species the inner edges of the first and sometimes second and 
third leg are deeply sulcate. I have not enough material to 
pronounce on the value of this character, but as I have found it 
present in some and absent in other specimens collected at the 
same spot and obviously identical in ail other particulars, I feel it 
necessary to regard it with caution until its significance is known. 
The sexual difierences have been alluded to above. 

I have not found the pleopods to be of any systematic value. 

The uropods are frequently distinctive both in shape and size. 

(5) The ge'tma Geoligia. 

This genus was founded by Dollf us in 1893 on a single damaged 
male specimen obtained from Valencia (Venezuela) at a height 
of 1200 metres above sea-level. The character on which the 
genus waa separated from Ligia was the absence of imlication of 
sepaiation of coxal plates from terga on the thorax, added to 
the unusual habitat of the 8})ecimen. 

In 1 900 the same author descril>ed specimens from the Haw'aiian 
Islands, obtained at heights varying from 2000 feet to 4000 feet, 
as a new’ species of the same genus. These diiiered from tlie 
holotype in many particulars, and one male specimen was in 
possession of a complete uropod of extraordinary form, the rami 
l)eing coinj)osed of several segments. Dollf us accordingly added 
to the characters of the genus the possession of jointed uropod.s, 
and his diagnosis is as follow’S : — 

“ Coxopodites (t^pimcres) non on tn's peu distincts. 
Appendices des uropods articules. Le reste, et nobvmmement 
les parties buccales, coinme dans le genre Ligia — espcces 
terrestres.” 

An examination of the degree of sepamtion of the coxal plates 
from the terga throughout the genus Ligia reveals that it would 
be a most treacherous character on which to found a species, 
let alone a genus. It is variable, even within a species, but 
a generalisation that would be true for the majority of eases 
might be stated thus : — The sutures between the coxal plates and 
terga are always visible to a greater or lesser extent in the 
female on the second, third, and fourth thoracic somites: tliey 
may be present or absent on the other somites. Jn the male the^ 
sutures may be altogether obliterated (e. g. L. olfersii) or well 
marked on each thonicic somite (e. g. L. oceanica)^ 
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The original specimens of the Hawaiian Oeoligia perkhm are 
preserved in the British Museum. An examination of the 
material shows that any generic distinction based on this 
character must be abandoned, as the females all have this suture 
well marked on the second, third, and fourth somites. 

An examination of the single uropod cannot but raise doubts 
as to the genuine nature of the ** joints.’’ These are at most 
irregular intervals, and show under a high magnification no 
arthrodial modification of tissue such as would jSe found in a 
natural structure. 

It is therefore suggested that the segments of the rami were 
produced accidentally. Among two dozen specimens of Ligia 
ea^otica — a species distinguished by the length and slenderness 
of the uropods — I found two specimens which showed “joints” 
in the rami, identical in eveiy respect with those of Geoligia 
perkinai Further, when placed side by side with a tiropod which 
had been purposely bent, no difference could be detected. The 
probability that the jointed uropod of Geoligia is of accidental 
origin is therefore exceedingly strong, and the last anatomical 
difference between Geoligia and Ligia is thereby removed. 

If G, simoni and G^perkimi are compared, it will be found that 
they differ widely from one another in relative size of eyes and 
head, length of antenn®, shape of telson, and other points. The 
artificial nature of the genus is shown by the fact that they differ 
more from each other than each difters from certain species of 
Ligia^ and difficulty arises in finding not generic but specific 
differences between these species and various species of Ligia. 

In 1915, Pearse (p. 549) described under the name of Ligyda 
richardsonoe^ specimens he collected in Cincinnati, Colombia, at 
3800 feet elevation. This species greatly resembles Geoligia 
8imo7%i, and occurs at no great distance from it, and it is very 
probable that collection of more material from Venezuela and 
Colombia will show that both must be referred to the same 
species. If habitat is to count for everything in the delimitation 
of genera, then Pearse should have made a new genus for 
L, richardsonce or have placed it in Dollfus’s genus, of whicli he 
seemed unaware. His action in retaining the genus Ligia 
for his new species supports my contention that bionomical con- 
siderations should have no weight in the separation of this genus 
from Ligia. 

It may be assumed that these three species have arisen from 
littoral species of Ligia which have migrated inland and become 
slightly modified in so doing. Thus Geoligia pericind is almost 
identical with the littoral L. hawaierms, but G. dmoni and 
L. richardaonm present a more difficult problem, as the adjacent 
littoral species that have been recorded (X. baudmiana and 
L. olfersii) do not bear any obvious relation to them. Bither 
they are modified from the bcmdiniana or from an unrecorded 
New World species resembling L. italicay from which they can 
only with difficulty be distinguished, ' 



ISOPOD <33^U8 LIQU. 


m 


I propose^ therefore, on the grounds I have given above, to 
unite GeoUgia with and regard 6?. gimoni and (?. perkinsi 
as species of the latter genus. 


(6) Key to the genus Ligia. 

The following species are omitted from the key as being 
insufficiently described or of doubtful validity; — L» ehrenhergii 
Brandt, L. cajennemis Koch, i. auatraliensis Dana, X. cursor 
Dana, X. vUiensis Dana, and X. maUeata Pfeffier. 

The general distribution of each species is given as a possible 
aid to identification. The key is to be considered as artificial, and 
not necessarily indicating relationship of forms to one another. 




Posterior margin of telaoii triangulate 

Posterior margin of telKon arcuate 

Process on propod ite of Ist leg of male . 

Without proi'ess on 1st leg of male 
Anteniiflo longer than thorax in male 
Antenna) shorter than thorax in male . . 


2 , 


9 . 


3. 


e. 


4. 


5. 


r Telson with blunt nudian process and blunt accessory processes. 

. 1 hatvaietuiM (Pacific Islands). 

' 0 Telson wdth acute median process and two acute accessory proces'^es. 

L 0 ji*otica (warm seas). 




Flagellar joints of antenna short and squat ... cinerascens (Japan). 
} Flagellar joints of antenna long and slender. 




ovcidentalU (tropical W. America). 


( With comb of long setae on carpus and mcrus of 1st leg of male. 

(1. -j haudiniana (tropical W. America), 

t Without comb on 1st leg of male 7. 


7. 


8 . 


r Anteimse as long or longer than thorax 8. 

1 Antennae not reaching further than 6th thoracic segment. 

L pigmentata (Suez). 

r First leg of male deeply grooved olfertii (tropical £. America). 

1 First leg of male without grooves perkinH (Hawaiian Islands — 

V tenestrial). 


9. 


10 . 


11 . 


12 . 


r Width of body more than half its length ... . 

( Width of body less than half its length 

C Carpus and merut of 1st swollen 

( Carpus and merus of 1st leg deeply grooved... 
C Antenna) as long or longer than whole body . 

( Antennn shorter than body 

rUropods longer than body 

i, Uropods not so long as body 


10 . 

11 . 

pallaHi (N.£. America). 
dilatata (Cape Peninsula). 

12 . 

IS. 

graeilipes (S, Africa). 
nataUneii (Natal). 
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18. 


Postero-lateral processes of telson produced to sharp points 14. 

16. 


14. 


(. Postero-lateral processes of telson obsolete, or small and blunt . 

C Antennie as long as or longer than thornK, setose. 

< nopa-zealandia (Sew Zealand, Chile). 

(. AntenusB shoiier than thorax, not setose oceaniea (Europe). 

rEyes large and separated by less than their horizontal length... 16. 

U.] 

(.Eyes small and separated by more than their horizontal length. 17. 

^Flagellum of antenna with about 20 long and slender joints. 

.Q \ riohardsonof (Colombia-terrestrial), 

y Flagellum of antenna with about 17 short and setose joints. 

V. glahrata (Cape). 

^Flagellum of antenna with about 20 joints ... italiea (Mediterranean). 

y Flagellum of antenna with about 16 joints ... $immi (Venezuela — 

V. terrestriaD, 


(7) The genus Ligia, Fabricius, 1798. 

I quote Sars*s diagnosis of the genus : — 

“ Body regularly oval, or oblong oval, moderately convex 
above, with the metasome not abruptly contracted; last 
segment rather broad, with distinct epimeral plates. Eyes 
large and convex. Antennulae very small, with the last 
joint rudimentary, nodiform. Antennce rather strong and 
elongated. Mandibles with a ciliated lappet and numerous 
penicils behind the cutting-part. Maxillipeds comparatively 
short and stout, with the terminal part rather expanded, 
epignatli rounded. Legs gradua-lly increasing in length 
posteriorly, dactylus distinctly bi-unguiculate. Opercular 
plate of pleopoda sub-branchial. Uropoda more or less 
elongated, basal part not produced inside ; rami narrow, 
styliform, suhequal, each with a single apical spine.” 

The only point that will not hold for the whole genus is that 
relating to the contraction of the metasome. It may or may not 
be as broad as the mesosoine, 

I have thought it desirable to include in the following 
descriptions, for the sake of uniformity, complete accounts of all 
species that I have examined, although three of them have been 
fully described elsewhere. When full synonymy and figures have 
already been published, I have been content to refer to them when 
I have been satisfied as to their correctness. 

The order in which the characters of each species are dealt with 
is based on convenience in examination, and does not pretend to 
any natural or logical order. Although the males and females of 
a species may differ considerably, I have considered it safe to 
re-describe some species, and describe a new species from the female 
only, as, with the data given above, it may be predicted with some 
certainty in what characters the male may be expected to differ 
frpm the female, and to found the specific diagnosis on common 
characters. 
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L LiGiA ocsANioA (Lmuteus)* 

lAgyda oceanim Richardson (1906), p. 684 (g. v. for complete 
synonymy). 

Ligia ocsmiica Dahl (1916), p. 32. 

Male specimen described. 

Length 26 mm. Breadth 12 mm. 

Surface moderately coarsely granulated. Eyes of moderate size, 
rounded and separated by twice their horizontal length. Antenncp 
moderately long and stout ; flagellum reaching as far as the hind 
bor<ler of the 4th thoracic somite, the peduncle half-way down 
tlie 2nd somite. Flagellum with 12 to 14 very short and stout 
segments. Coxal plates divided by very distinct grooves from 
terga of every thoracic somite in both sexes. Abdomen not 
abruptly contracted. Tehon arcuate ; the postero-lateral processes 
acute and nearly as long as the middle of the hind border ; 
accea.sory processes not produced, but the inner forming a 
prominent undulation. Mottth-parts : 2nd maxilla bilobed, with 
two hairy bristles on inner side. Maxillipede palp clearly divided 
into live joints. 1 st perceopod of the male only has merus, carpus, 
and propodus produced on inner side tea flat plate-like expansion, 
witli free border fringed with short set®. The surface of this 
(expansion is covered by oblique serrations. Uropods 7 mm. 

IHsirihuiion, Ilammershus ; Cuxhaven ; Portsmouth ; Northern 
Seas. (See Richanlson (1905) for complete list.) 

Figured in full by Sars (1899). 


2. I.*iaiA PALLASii Brandt. (PI. 1. fig. 4.) 

Ligyda pallasii Richardson (1905), p. 682 {q, i\ for synonymy). 

Ligyda pallaeii Richardson (1909), p. 125. 

Male specimen described. 

Jjaigth 35 mm. Breadth 20 mm. 

Siuface coarsely gi*anulated. Eyes of moderate size, rounded 
and separated by twice their horizontal length. Antennce 
moderately long and stout ; flagellum reaching as far back as hind 
border of 5th somite, peduncle to hind border of 2nd somite; 
fingellum with 15 short and stout segments, without large set® 
but densely covered with exceedingly minute set». Coxal plates 
divided by deep and distinct grooves on every thoracic somite in 
both sexes. Abdomen not abruptly oonti^acted, with prominent 
oblique carin® on each side of 3rd, 4th, and 5th somites. I'elson 
arcuate ; postero-lateral processes acute, produced as far as or 
beyond middle of hind boi*der ; accessory processes not produced, 
but the inner forms a prominent undulation. Telson twice as 
broad as long. Mouth-parts as in L. oceanica, Ist, 2nd, and 3rd 
fy&neopods with carpus and merus expanded as in oceanica, 2nd 
and 3rd legs with small process on propodus not reaching beyond 
the dactyl in both sexes. Uropods 8 mm. 

Proc. ZooL. Soc.— 1922, No. XLVII. 


47 
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Distribution, Litycha ; Alaska ; California ; British Colombia. 
(See Richardson (1905) for complete list.) 

Figures in Richardson (1905). 

This species is nearly related to the foregoing* 

3. Lioia olabrata Brandt. (PL I. fig. 5 ; PI. II. fig. 6.) 

Ligia glahrata Budde-Lund (1885), p. 263. 

MAgia dikUata Collinge (1920), p. 475. 

Female specimen described. 

Length ih mm. Breadth Q mm. (Another imperfect specimen 
measured 19 mm. by 9 mm.) 

Surface very slightly granulated or nearly smooth. Eyes 
of small size, separated by about one and one-half times their 
horizontal length. Antenncv of moderate length ; flagellum 
reaching as far back as hind bonier of fith thoracic somite, 
peduncle to hind border of 2nd segment; flagellum with 15 
to 17 slightly setose, short, and squat segments. The coxal 
plates are divided by deep grooves on the 2nd, 3rd, and 4th 
thoracic somites. Abdomen not abruptly contracted. Telson 
arcuate; postero- lateral processes Idiint ami little produced; 
accessory processes almost obsolete. Mouth-parts : 2nd maxilla 
not bilobed, though a crease indicates the usual division ; without 
hairy bristles on inner side. Maxillipede with 1st and 5th joints 
of palp distinct; remainder only indicated by deep marginal 
indentations. Per(ropods typical in forrji. rropods 4*5 mm. 

Distribution, Cape of Cood Hope ; Table Bay. 

Collinge (1920) surmises that L, glahrata is possibly an 
immature form of L, dilatata. These specimens ar(», however, 
undoubtedly mature, and must be identified with the former of 
Brandt’s species, f have seen no male of this species. 

4. Ligia occidentalis Dana. (PL IT. figs. 7 & 8.) 

Ligyda occidentalis llichardson (1905), p. 681 {q, v. for 
synonymy). 

Male specimen described. 

Length 25 mm. Breadth 11 mm. 

Surface minutely granulated. Eyes larg(» and quadrangular, 
and separated by less than the horizontal length of one eye. 
Antewmx moderately long and slender ; flagellum reaching as far 
back as hind border of 6th thoracic somite, peduncle to hind 
border of 2nd. Flagellum with 22 long and slender segments. 
Division of coxal plates lightly marked on all thoracic somites. 
Abdomen not abruptly contracted. Telson veiy obtusely tri- 
angulate ; postero-lateral processes are as long as or longer than 
median process; accessory processes very small. Mouth-paxts: 
2nd maxilla weakly bilobed, with no Imiry bristles ; maxillipede 
with five distinctly marked joints. Propodus of 1st perceopod 
with prominent process on inner side of distal end, which projects 
forwards by the side of the dactyl. C.u pus and merus of 1st and 
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2Dd legs and carpus of 3rd flattened and striated as in oceanica. 
Uropods 10 mm. 

Distribution. California; San Francisco. (See Richardson (1905) 
for complete list.) 

Figures in Richardson (1905). 

5. Lioia ginerascens Budde-Lund. (PI. II. fig. 9.) 

Ligia cimrascens Budde-Lund (1885), p. 266. 

lAgyda dmraacens Richardson (1909), p. 126. 

Male specimen described. 

Length 27 mm. Breadth 12 mm. 

Surface minutely granular, rather smooth. Eyes large and 
nearly round, sepamted by their horizontal length or a little less. 
Ante^inm moderately long and stout; flagellum reaching as far 
back as half-way across the 6th somite ; the peduncle half-way 
across the 2nd ; flagellum with 25 short and stout segments. 
Coxal faintly indicated on all the thoracic somites of the 

male and very distinctly in the female. Abdomen not abruptly 
conti-acted. Telson broadly triangulate, the median process 
obtuse ; postero-lateral processes produced to acute points reaching 
no further backwards than inner accessory processes ; accessory 
processes slight but sharp. Mouth-pai'ts \ 2nd maxilla strongly 
bilobed, with two small hairy bristles on inner side ; maxillipede 
with the five joints entirely separate. First perreopod with 
prominent inner process on propod us in male. Uropod^ 10 mm. 
-f (rami broken). 

Distribution. Hakodate, Japan ; Manila or Chile. 

This species is nearly related to L. occidentalism but differs from 
it ill the telson and the character of the antenn®. The segments 
of these are more numerous in L, dnerascensm but short and squat 
so that the whole appendage is i*elatively shorter than in L. occi- 
dentalis. 

6. Ligia exotica Roux. (PI. II. fig. 10.) 

Ligia dentipes Budde-Lund (1885), p. 268. 

Ligia vialleaia Pfefier (1889), p. 3G. 

Ligia exotica Budde-Lund (19086), p. 303. 

Ligyda exotica Richardson (1905), p. 676 (5^. y. for complete 
synonymy). 

Ligyda exotica Richardson (1909), p. 125. 

Liyia exotica Budde-Lund (1912), p. 391. 

Ligia exotica Chilton (1916\ p. 462. 

Male specimen described. 

Length 27 mm. Breadth 17 mm. 

Surface moderately roughly gmnulate. Eyes large and separated 
by less than their horizontal lengtli. Ante/nnm very long and 
slender; flagellum reaching as far back as hind border of 5th 
abdominal somite, peduncle to hind boi*der of 3rd thoracic somite. 
Flagellum with 28 or more very long and slender segments. The 
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antenna is shorter in the female. l"he whole is as long as the thorax, 
and the peduncle reaches half-way across the 3rd somite. Coxal 
platen distinctly marked on all segments in both sexes. Ahdonien 
not abruptly contracted. Telson with acute median process ; 
postero- lateral processes drawn out to equal or exceed the median 
in length ; accessory processes long and acute. M<mih^paTtn : 
2nd maxilla bilobed, but without hairy bristles on inner side. 
Maxillipede with five joints of palp not clearly divided. First 
permopod with prominent inner proceas on propodus in inale. I 
find the first three legs of the male to have similar expansions on 
the carpus and luerus to the 1st leg of L> oceanica^ but Ohilton 
does not mention the point, so it may not be universal or present 
at all seasons of the year. IWopodn 17*5 mm. 

Dintribution, “ Wi<lely distributed on the warmer shores of the 
Atlantic, Pacific, and Indian Oceans, and it has been recorded on 
the American coast as far soutli as Chili and Puntarenas (Chilton 
(1906)). Budde-LumVs specimens are as follows: — Aden; 
Bagamoja, Shellah-ljama, M Africa ; Hissao; Brazil; Colombo; 
Malaccfi; Nagasaki; Rio de Janeiro; Singapore; Pulo Milo, 
Tonga (Malay Archipelago). (See Richardson (1905) for further 
list.) 

Budde-Lund describes under the name A. dentipen a species to 
which he gives no character that distinguislies it from exotica, A 
careful examination of his specimen reveals no cause why this 
species should be any longer sepamted from A. exotica. 

Figured and described in detail by Ohilton (1906). 

7. Ligia olfersii Brandt. 

Ligyda Richardson (1905), p. 674 (</. v, for synonymy). 

Female specimen described, owing to mutilated condition of 
the rnales in my possession. 

Length 19 mm. Breadth 9 mm. 

Surface minutely granular, rather smooth. Eyes of narrow- 
oblong shape, separated by less than their horizontal lengtli. 
Antennce long and slender ; flagellum reaching as far back as hind 
margin of thorax, peduncle to hind margin of 2nd thomcic somite. 
Flagellum with 26 (broken) long and narrow segments. Coxal 
platen divided by deep grooves on 2nd, 3rd, and 4th thoracic 
somites. In the male there is no indication of the line of fusion. 
Abdomen not abruptly contracted. Telson broadly triangulate ; 
postero-lateral processes acute, but not longer than inner accessory 
processes; accessory processes strongly marked. Mouth-parts: 
2nd maxilla weakly bilobed, without hairy bristles ; maxillipede, 
five divisions only indicated on margin and not going right across 
the palp. Perceopodn of female typical in form. In the male the 
carpus and nieinis of the 1st and 2nd arc <leeply excavated on the 
inner side. Uropodn 11 mm. 

Distrihution, St. Thomas, Trinidad ; Florida ; Brazil. 

Figures in Richardson (1905). 
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8* Ligia italioa Fabricius. (PI. 11. figs. 11 & 12.) 

Ligia italica Hudde-Lund (1885), p. 269 {q, v. for synonymy). 
Ligia italica Budde-Lund (1908 g), p. 11- 

Male specimen described. 

Length 8*5 mm. Breadth 3*6 mm. 

Surface nearly smooth; scattered minute granules. Byes of 
moderate size, somewhat rectangular and separated by hoi^izontfil 
length of one eye or a little less. Antenuce long and slender; 
flagellum reaching as far as hind border of 6th thoracic sonute, 
peduncle to the 2nd. Flagellum with 18-20 long and slender 
segments. Coxal plates either exceedingly faintly separated or 
the division is apparently ol)Solete. In the female the sepanvtion 
is marked, but not very distinctly, on the 2nd, 3rd, and 4th 
thoracic somites. They are but little produced backwards on any 
somite. A hdoimn abruptly contracted ; lateral margins of somites 
only very slightly produced backwards. TV/srm arcuate ; postero' 
lateral processes obsolete ; only slight undulations mark the 
accessory processes. Mo\dh-parts\ 2nd maxilla strongly bilobed, 
without hairy bristles; maxillipede with five joints indistinctly 
separatefl. Vera^opods typical in form, rropods 4 mm. 

Distribution, “ A common species on the sea-shore in almost all 
the countries adjacent to the Mediterranean Sea, also found in 
the Madeira and Canary Islands” (Budde-Lund (1908a)). 

I agree with Budde-Lund in looking upon Brandt’s ehrenhergii 
as a synonym, but, also with him, I am doubtful of the identity 
of the .specimen described by Dana under that name (1852). The 
matter is further discussed under L. gracilipes, 

9. Ligia gracilipes Budde-Lund. (PI. II. figs. 13, 14, 15.) 

Ligia gracilipes Budde-Lund (1885), p. 270. 

\Ligia ehrenhergii Dana (1852), p, 738. 

Ligia dUatata Collinge (1920), p. 475. 

The somewhat macerated condition of the specimens makes 
it impossible to give a complete description of any one. The 
following account applies to the female, and as I cannot be positive 
that any of the specimens were males, I have not referred to the 
chaiucters of that sex. 

Ijcngth 7 mm. Breadth 3*5 mm. 

Surface minutely granulated. large and separated by less 

than their horizontal length. Antenna extraordinarily long and 
slender. Whole appendage one-quarter ns long again as thomx 
and abdomen together; peduncle reaching as far back as hind 
border of penultimate abdoinmal somite. Flagellum with 22 
(Budde-Lund) very long and slender segments. (A separate 
antenna had 28 segments ; each segment was about five times as 
long as broad.) Coxal plates separated by deep grooves on 2nd, 
3rd, and 4th tnoilicic somites, and distinctly marked on the 5th. 
Abdomen abruptly contracted. Telson arcuate ; the postero-lateral 
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processes blunt and but little produced ; accessory processes 
almost obsolete. Mouth-parts : 2nd maxilla without any trace of 
division into two lobes; without hairy bristles on inner side. 
Maxillipede indi.stinctly divided into five segments. Peropopods 
very slender, but otherwise typical in form. The Uropods were not 
attached to any specimen, but a separate appendage was 12 nun. 
in length, the base being 3 min. and the rami exceedingly long 
and slender. They are stated by Budde-Lund to be longer than 
the body. 

Distribution. S. Africa, “ e ‘ Laudana * exainpla pauca in musoo 
Simon asservantur ** (Budde-Lund). 

Although the material from which this species was made is 
poor, there is no doubt, 1 think, that it is a good one. Collinge, 
(1920), who had only Budde-Limd*s short description to guide him, 
iliscuasing the point, suggests tliat it is n “ young form of some 
species/’ admitting, however, that young specimens have, as a rule 
short antennse, wdiereas tlie gracilipes is notable for the gi‘eat 
length of the antennae. He seems to overlook the quite extra- 
ordinary length of the uropods. Dana ( 1 852) identified provision- 
ally as L. ehrenhergii Brandt, specimens found at Madeira. His 
description and figures of these specimens apply to L. gracillpps in 
every particular but size and locality. The size he gives as 
between 17 mm. to 19 mm. long, and 7 mm. to 8 mm. bi’ood — 
more than double the dimensions of Budde-Lund's specimens. 
The locality is N.W, Africa as against 8. Africa of the 
gracilip)es. It seems as if Dana would have been justified in 
creating a new species for the reception of the specimens, but ns 
he did not do so, they must be identified with L. gradlipes if 
further material should prove them to be the same. 1 do not 
think they should be so identified in the present state of oiu* 
knowledge. 

10. Ligia hawaiExNSIS Dana. (PI. II. fig. 16.) 

TAgia hawaiensis Dana (1852), p. 740. 

Ligia haivaiensis Budde-Lund (1885), p. 271. 

Ligia vitiensis Stebbing (1900), p. 646. 

Male specimen described. 

Length 19*5 mm. Breadth 7*5 mm. 

Surface minutely gianular. Eyes large and quadrangular and 
separated by less than their horizontal length. Antennae very 
long and slender ; flagellum reaching as far back as hind border 
of 3rd abdominal somite ; peduncle half-way across 3rd thoracic 
somite ; flagellum with 30 long segments, each about twice as 
long ae it is broad. The antennae in the female reach to the 
hind border of the thorax, and the flagellum has about 26 segments. 
Coxal plates scarcely, if at all, separated. In the female, deep 
grooves mark the distinction on the 2nd and 3rd thoracic somites, 
but indications are absent or exceedingly faint on other somites. 
Abdomen abruptly contracted . Telson triangulate ; median process 
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well marked ; postero-lateral processes acute but short ; accessory 
processes well marked, Moutk-parts : 2nd maxillse weakly lobed, 
without hairy bristles on inner side ; niaxillipede with palp deeply 
lobed on margin into five portions, but segments otherwise in- 
distinctly marked, perceopod with prominent inner process 

on propodiis in male only. Expansions similar to those of 
oceanwa on carpus and merus of this leg. Uropods (separate) 
7*5 mm. 

Disiiinhutwii, Hawaiian Lslands; Molokai; Matadona, China 
Straits, British New (Ininea. 

1 have examined the specimens of the Willey Collection labelled 
L, ritiemis^ and identify them, without possible doubt, as this 
species. 

Figured by Dana (1852), 

11. liiGiA nov^-zkalaxuia: Dana, 

Ligia novi-zmUmduc Dana (1852), p. 739. 

Ligia cursor Budde-Luud (188.5), p. 2(55. 

Ligia novoi-zecdandiit' (.Miiitoii (1901), p. 106 {q. r, for complete 
synonymy). 

Ligia noV(r--zealavdue Chilton (1909), p. 287. 

Ligia nov(&-zealundice Chilton (1911), p. 568. 

Male specimen described. 

Length 12 mm. Jlreadth 5*5 mm. 

Hnrfiwt n)iiiutely granular. Eges rather small and qnadrnngula r, 
and sej)arated by twice their horizontal hmgih. Aniennee very 
long and slender ; flagellum reaching as far back as hind border 
of 4th abdominal somite; peduncle to hind border of 3rd thoracic 
somite. Flagellum with 20 small and setose segments. The 
anteiiDje are shoi ter in the female, 'the whole is as long as the 
thorax, and the peduncle reaches half* way across the 3rd somite. 
'J’lie segments of the flagellum are more setose than in the male. 
Coxal 2 daU 8 very faintly marked orabst nt. In the female they 
,‘ire marked by deep grooves on the 2ml, 3r<l, and 4th thoracic 
somites. abruptly eonlracted. arcuate ; postero- 

lateral processes acute and produced, but shorte)* than middle of 
hind border ; accessory processes marked by slight undulations. 
Monih-parts\ 2nd maxilla with no trace of division into two 
lobes; without hairy bristles on inner side. Ma^Hllipede with 1st 
and 5th joints only, completely separated, remainder only 
indicated by indentations on inner aide. 1st and 2ml peneopods 
with carpus much swollen in male only ; subchelate. Uropods 
5 mm. 

Distrihutimi. Coast of New Zealand; Steward Island ; Sunday 
Island, Victoria ; Chile; diiau Fernandez. 

1 found that Bud <le-Lu ml’s specimens, labelletl Ligia airso)\ 
from Juan Fernandez (and described by him under that name 
(1885)) agreed in every particular but length of anteim® with 
Chiltons description (1901) of Z. noim-zealandim. These 
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specimens were all females. An examination of Chilton’s 
original specimens of novcB-zecdandice showed that the antenme 
wei'e shorter in the female than in the male, and that the females 
agreed entirely with Budde-Liind’s cursor. Fragments of a 
specimen, labelled L, cursor (male),” from Chile, in Budde-Lund’s 
collection, proved to have subchelate Ist legs like those of the 
male of the novof-zealandur. The cursor descril)ed by Budde- 
Lund is therefore synonymous with Dana’s novas- zealaudiiv, 

Dana’s original account of //.cursor (1852) figures and describes 
the telson as triangulate. Budde-Lund was misled by the locality 
of his specimens into crediting Dana with an error on that point, 
and hence gave a description of L, novce-zealandice from S. America 
(specimens of which he thought he had not seen) under the 
name of L, cursor. The latter species has not apparently been 
found since Dana described it from “ Valpamiso.” 

The matter is of considerable interest, as Chilton has already 
had occasion to observe (1909 a tk 1915) the similarity of faiiiia of 
South America and New Zealand in connection with other 
terrestrial and aquatic forms. 

Figured and described in detail by Chilton (1901). 

12. Liqia baudiniana Milne-Edwards. (PI. II. figs. 17 tk 18.) 

Ligyda haudiniana Richardson (1905), p. 678 [q. v, for 
synonymy). 

Male specimen described. 

Length 20 mm. Breadth 9 mm. 

Surfo/ce rather coarsely gramdar. Eyes large and separated by 
less than their horizontal length. AntenvcpAowp, and slender; 
flagellum reaching as far back as hind border of last thoracic 
somite, peduncle to hind border of 2nd. Antennie slightly 
shorter in the female. Flagellum with 29 small and slondcu- 
segments. Coxal plates very faintly marked on 2nd, 3rd, and 4th 
thoracic somites. In the female they are very distinct on th<» 
corresponding somites. Abdomen not abruptly contracl^ed. 
Telson triangulate; median process bluntly rounded; po.stero- 
Literal proce.sses acute, but not projecting as far back as median 
process ; accessoiy processes represented by undulations. Month- 
parts : 2nd maxilla bilobed, but without hairy bristles on inner 
side. Maxillipede palp with five distinctly separate segments. 
Propod us and carpus of 1st peroeopodl^w. male only) each produced 
OTi inner side to a flat plate-like expansion ; free bordeis each 
fringed with a comb of exceptionally long and markedly equal 
setsa. The plates are obliquely striated. Uropods (separate) 
12’5 mm. The uropods on the female specimens were shorter in 
proportion than these, which possibly, however, did not belong to 
the specimen described above. (In an 18 mm. female the uropods 
measured 8*5 mm.) 

Distribution, Bermudas; Mexico; Yucatan; the Bahamas; 
Progriso, Colon. 
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Budde-Luud (1886), without having seen a specimen, regarded 
this species as a synonym of L. exotica. The features wliich dis- 
tinguish it froiii L, exotica were fully pointed out by Richardson 
(1902), with additional evidence for its separation from that 
species. Chilton (1916), who had not seen a specimen, remarks 
that it may be difficult to find characters that will distinguish 
between them in all coses.” 

A.mong Buddo-Lund^s material, I found a tube bearing a name 
of an undescribed species of JAgia which he evidently intended 
to describe in the course of his revision of ‘ Isopoda l^errestria.* 
An examination of the specimens showed at once that they were 
idenlical with Milne-Edward.s’s hamliniana, which had obviously 
been overlooked by Budde-Lurid, This furnishes a further proof 
of the complete indepemlence of this species from the exotica,, as 
upludd by Richardson. 

Figures in Uicluirdson (1905). 

Id. lilOIA riGMKI^ATA, Sp. 11. (PI. 1. figS. 2 k .‘h) 

The material oon.sistod of a single female specimen and a few 
appendages which may have belonged to a male. 

Length 14 mm. lireadih 5 mm. 

Surface sliglitly granulated, nearly smooth. Colour cream, 
will) scattered minute black spots. Eges large, rpiadrangular and 
sepainted by their horizontal length. Antennce of moderate 
length ; flagellum reaching as far back as half-way across 5th 
thoracic somite, jieduncle half-way across 2nd somite. Flagellum 
with 18 slioi t and broad segments. CWa/ with suture lines 
exceedingly lightly marked on 2nd, Hrd, and 4th thoracic somites 
only, 'rimy ai’c projbiced hut little backwards on any somite. 
Ainhnnen not al)ru[»tly cf>ntracted. triangulate ; median 

process bluntly pointed ; [lostero-Ialerai processes acute but short ; 
inner accessory prot^esscs small and blunt. Mouth-parts'. 2nd 
m.axilla strongly bilobed ; without Jiairy bristles on inner edge. 
Maxillipede palp with joints #'omj>letely separated. Pera^opods 
typical in form. A separate one (male ?) had a thick bunch of 
setfc on the da(‘tvl, over the ungui.s. I ^ropods 6 mm . Base 2*5 mm . , 
rami IkT) mm. 

jytHrdmIion. Suez. 

Biidde-Lund Imd labelled the tube containing this specimen 
with tl»e above sf>ecilic name, but had apparently published no 
description or figures of it. 

14. Lioia perkinsi (Dollfus). (PI. I. fig. 1.) 

Geoligia perhimi Dollfus (1900), p. 525. 

Male specimen described. 

Jjengih 18 mm. Breadth 8 mm. 

Surface almost smooth. Eyes large and separated by their 
horizontal length or a little less. Antenna! very long and slender ; 
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flagellum reaching as far back as hind border of 4th abdominal 
somite ; peduncle half-way across 3rd thoracic somite. Flagellum 
with 30 very long and slender segments. Coxal plates show no 
sign of division from terga, but in the female the sutures are 
strongly marked on the 2nd, 3rd, and 4th thoracic somites. 
Hinder thoracic somites and free abdominal somites with postero- 
lateral angles much drawn b.nck wards and very acute. Ahdoimn 
not abruptly contracted. Telson triangulate; median process 
blunt; postero-lateral processes acute and drawn out, but not as 
far back as inner acceasory processes. Both accessory processes 
represented by undulations. Mouth-parts : 2nd maxilla weakly 
bilobed and without hairy bristles. Maxillipede with five separate 
joints to the palp. PerceopoiU typical in form. Cropods 14mm. 

Distribution, Haw^aiian Islands, Karrai 6000 ft., Oloa 2000 ft. 

Although this species is apparently purely terrestrial, it shows 
no modification whatever from the typical littoral Ligiidae. The 
reasons for removing it from Dollfus’s genus are given * in the 
beginning of this paper. 

15. Ligia NATALENSis Oollinge. 

Ligia natalensis Oollinge (1920), p. 474. 

Male specimen described. 

Length 10 mm. Breadth 4*5 mm. 

Surface minutely granular, rather smooth. Eyes moderately 
large and separated by their horizontal length. Antennm ex- 
ceedingly long and .slender ; whole appendage longer than body in 
male, and as long as body in female ; peduncle reaching as far a.s 
hind border of 4th thoracic somite in male, and half-way across 
that somite in female. The flagellum has 20-23 long, slender, and 
distinctly setose segments. Coxal plates show no sign of division 
from terga, but are faintly marked on 2nd, 3rd, and 4th thoracic 
somites of female. A hdoynen a bruptly con tracte<l . Telson arcuate ; 
postero-lateral processes only very slightly produced ; the acces- 
sory processes obsolete. Mouth-parts: 2nd maxilla not divided 
into two lobe.s, without haiiy bristles on inner side. Maxillipecle 
with 1st and 5th joints of palp separated; remainder only 
indicated by deep marginal indentations. Perceopods slender, but 
of typical form. Uropods : No specimens of this .size had uropods 
attached. In a male specimen 7 mm. in length they measured 
4 mm, ; a female 10*5 mm. had uropods of 4 mm. 

Distribution, Umklali, Winkle Spruit Beach, South Coast, 
Natal. 

This species is nearly relal/cd to />. gracilipes^ but is distinguished 
from it by the more massive form of bcxly and appendages and the 
smaller uropods. 1 am unable to confirm Collinge’s observation 
that the flagella of the antennsB of 7 to 9 mm. specimens of vwia- 
lensis liave fewer joints than those of gracilipes. In most cases, 
specimens of that size were as mature in form as larger specimens. 

Figured and described by Oollinge (1920). 
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I have not seen specimens of the following species : — 

16. Ligia dilatata Brandt. 

lAgia dilatata Brandt (1833), p. 171. 

Lygia dilatata Krauss, Sudafrik. Crust., 1843, p. 02. 

Ligia dilatata White, List Crust. Brit. Mus. 1847, p. 98. 

lAgia dilatata Budde-Lund (1885), p. 262. 

FAgia dilatata Stebbing, Aim. South African Mus. 1910, vi. 
p. 437. 

Ligia dilatata Collinge (1920), p. 475. 

Dwtnbution, Cape Peniiisuln. 

Collinge has re described and figured this species in the last- 
named work, but has added little to Budde-Lund’s previous 
description. Reasons for regarding A. glahrata and A. gracilipes 
as independent species and not as show'n in Collinge’s synonym) 
are given above. 

17. Ligia hxchardsonje (Pearse). 

lAgyda richardsomt' Pearse (1915), p. 549. 

Biair ibution. Sierra Nevada de Hanta Marta, Colombia, at 
3800 ft. elevation. 

Fully described and figured by Pearse. 

18 . Ligia simoni (Dollfus). 

Geoligia simoni Dollfus (1893), p. 343. 

Distrih'iitmu Valencia, “ vers 1200 metres d altitude, dans les 
forots.*^ 

This species only appeai-s to difler from the preceding in the 
greater relative breadth of the body ami the larger size of the eyes. 
l)ollfus’sdes(U’iption is based on a single male specimen, however, 
and occuri’ing as they do so dose together, it is probable that 
collection of further material will show them to be identical. 

Figui^ed and briefly described by Dollfus, 

The following species are insufticieiitly de8cnl>ed or of doubtful 
validity : — 

19. Ligia oajennensis Koch (1847). 

20. Ligia australiensts Dana (1852). 

21. Ligia cursor Dana (1852). 

22. Ligia vitiensjs Dana (1852). 

23. Ligia malleata PfefFer (1889). 

Distribution Bagamoyo. 

The description of this species and the locality in which it was 
found suggests its identity with Ligia exotica, PfeflTer does not, 
however, mention the character of the 1st leg nor the sex of tlio 
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species he described. If it was a male it differs from Z. exotica 
in the absence of a process on the propodus, but if a female 
it is probably synonymous with X. exotica. 
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EXPLANATION OF THE PLATES. 
Plats I. 

Fig. 1. Dorsal view of Xij/ia ^ 0 rib>n«i. X6. 

2. „ „ L, pigmeniatat n, X6. 

3. Telnon of X. ;pfj 7 iMe}i^a^a, sp. n. X13*5. 

4. L.pallatiL 2nd leg of male. X6. 

5. X. glahrata. Teleou and uropode. X 77. 


Plats II. 

Pig. 6. JAgia glahrata. Antenna. X9. 

7. L. occidentalUt, Telsou. X7. 

8. ,, Antenna. X6. 

8. X. ciHerasceM. Antenna. X3. 

10. L. exotica. Telson. XlO. 

11. X. italica. Antenna. X7. 

12. „ Telson. X16. 

13. L. gracilipes. Antenna. X77. 

14. „ Uropod. X7. 

16. „ Telson. Xl7. 

16. L. hatoaiensis. Telson. Xl3. 

17. X. baudituana. Telaoii. Xll. 

18. „ 1st leg of male. X9. 
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STEPHANlDiE, 

The po.sition of this family remaius iindeterminerl, as it 
appears to form a transition lietween the IchneumonideB and 
Kvaniidm, with some leanings towards the Bracionidsp. Different 
authors liave takcti very varied views ns to its alHuities. Cre^son 
inclmles only Stephanus an<l the synonymous Meguchits ; Cameron 
adds Mommachffs \ while Ashmead unites Stepka^im and 
Meifalpra. Even Schletterer, the nionogmpher of the family, 
declined to e.Kpress any decided opinion. Some authors unite 
Stephaaus and as inemhers of this family, though 

A.sliinea<l rdaces the latter next to Dort/ctes, and they are now 
usually considered to be Braconida*. The two may be easily 
distingui.shed ; — 

Antimnse yO-40-jointed, shorter than body ; anterior ocellus 
surrounded by five frontal tubercles; mandibles recurved, 
parrot-like ; mesonotum not sulcate ; scntelluin tripartite ; 
posterior femora armed with two or three large teeth 
beneath. Fore wing with one cubital cell, hind wing with- 
out cell, or with one only ; abdomen convex beneath. 

StEPHANIDvE. 

Antenn© with about 70 joints, longer than body ; frontal 
tubercles wanting, or not more than two ; mandibles not 
recuiwed ; mesonotum with two longitudinal sulci ; scutellum 
entire ; posterior femora mutic ; fore wing with two cubital 
cells ; hind wing with two or three complete cells ; abdomen 
more or less concave beneath STBNOPHASMiDiE. 

Roman (Arkiv for zoologi, xi. 1917) states that the .structure 
of the body, especially of the abdomen and legs, is sufficiently 
characteristic to entitle them to rank as a family, and considers 
Froc. Zool. Soc. — 1922, No. XLVIll. 48 
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them to be nearest to the Evaniid®, especially the Aulacinie, 
which have similar habits. Evidence of this is adduced fi*om the 
general form and the mode of insertion of the antennae, the 
tendency of the posterior margin of the head to become collar- 
like, the strong pleural sulcus for the reception of the middle 
legs, and possibly also the tendency of the neuration of the wings 
to become 11101*6 simple. The special character of the five frontal 
tubercles occurs in the same manner in the Oryssini, and Roman 
would place the Stephanidoe as the lowest member of the great 
group of Ichneumonidfip, between the Evaniidae and Aculeata. 

For convenience, especially as an aid to identification, I accept 
Enderleiii’s subfamilies, with the addition of Neostephcmtis 
Kieffer, while admitting the possibility of tmnsition forms. 

Morley (Entoin. 1917, p. 106) has drawn attention to the 
analogy of their structure wdth that of the Pimplid tribe Xorides, 
to w’hich Lamarck actually ascrilied tSiephrums senritor under the 
name of Xoridfis coroiiatm\ 

Gei^eral Description. 

The head is large and globose, with five frontal tubercles 
surrounding the anterior ocellus, from which the family takes 
its name (Greek : stephanos, a crowm or wreath). The anterior 
tubercle is frecpiently larger than the rest, very rarely obsolete ; 
the posterior pair are almost invariably smaller than the othei'S, 
and have been (juite overlooked by some authors, who describe 
species as trituhercudate only. 

Tlje powerful mandibles protrude rectangularly, are externally 
basally angular, anteriorly compressed, pointed and bent down- 
wards like the beak of a parrot, with long grey t(^ golden 
pubescence beneath. The maxillary palpi are long, slender, and 
five- jointed ; basal joint short, second twice as long as first, the 
others of ai)out equal length. The labial palpi are short and 
four-jointed ; the three basal joints clavate, the apical cylindrical 
and longer. The eyes are large and roundish elliptical. Straiglit 
lines joining the ocelli would form an equilateral triangle with the 
base behind ; the posterior ocelli are close to the interior margin 
of the eyes. The 30-40-jointed antennae are placed very low 
down, the face being very short, cheeks normally as long as scape, 
and the frons proportionately large. Temples usually smooth 
and shining. The scape is incrassate, and the other joints, 
especially towards the middle, indistinctly discreted, gradually 
shorter and more slender towards the apex, distinctly pubescent 
except the basal ones ; second flagellar joint normally twice as 
long as first; third as long as first and second together. 

The frons is more or less coarsely arcuately, transversely, or 
irregularly striate ; the occiput has usually several transcarinse 
close to the posterior tubercles, posteriorly often transversely 
rugose and laterally irregularly punctate rugose* Temples 
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usually polished smooth, with a few scattered punctures, rarely 
distinctly rugose. The cheeks are always distinctly developed 
and usually about the same length as the scape. The posterior 
margin of the head is either simple {aerrator)^ bordered (fwrcatu8\ 
or produced into a more or less distinct collar (collarifsr). 

The pronotum consists of an anterior nai*i*owed neck, which is 
usually more or less distinctly transrugose, and a posterior 
crescentic part — herein called the seiniannular — which is either 
entirely smootli or more or less finely rugose, with a narrow polished 
posterior margin. The mesonotum is curvate in front, I’ugose or 
punctate, rarely smooth ; it has a central longitudinal row of 
punctures, sometimes almost obsolete, on each side of which is a 
smooth space, beyond which are two lateral impressions or rows 
of punctures. The seutellum is divided into three sections by 
distinct crennlate sulci, is almost smooth, with a few large 
punctures on the margins of the lobes, of which the lateral ones 
are often more or less punctate. The mesoplurae are deeply 
impressed above, somewhat smooth and shining, distinctly sculp- 
tured V>elow. The metapleurse are often separated from the 
median segment by a row* of punctures, a sulcus or a carina, or 
rarely by a sulcus and a carina; less commonly confluent. Of 
the metanotum proper only a very narrow band, laterally broader 
triangular, is seen and is longitudinally striate. The median 
segment is large, usually with large, shallow punctures; some- 
times the interstices are alutaceous, and mrely, as in gigcts^ it is 
rugose, anteriorly often difiTusely punctate, and more or less grey 
pubescent The abdomen is inserted near the apex of the median 
segment, not far from the hind cox®. The petiole is rarely 
sessile; as in ScMettererius, usually nearly as long a.H the remaining 
segments together; it is veiy mrely smooth {^nacitKpennis)^ usually 
more or less finely trans-striate. TJje remainder of the abdomen 
is usually smooth, with a few dull spots, due to microscopic 
sculpture, more rarely entirely dull. There are seven segments 
in the male, six in the female, the posterior ones being short and 
indistinctly disereted. The terebra in female is usually as long 
as or longer than the whole body, the spicula ferruginous or red, 
its sheaths entirely black, or white or pale-banded before the 
apex, rarely rust- red {insignis). 

The anterior legs are short, their femora and tibiss compara- 
tively slender, the tarsi five-jointed, the penultimate joint very 
short and furnished with pencils of hair. The hind legs are very 
elongate, their coxae stout, usually transrugose, often with finer 
striation between coarse transverse iidges. The second joint of 
the trochanters is indistinct. The hind femorn are strongly 
fusiform, smooth and polished, rarely finely sculptured ; on the 
under side they bear two or three large teeth and a varying 
number of smaller serrations. The hind tibiae are compressed 
either in the basal third, or as far as, or even beyond, the middle 
and constricted. The hind tarsi ai’e usually five-jointed in the 

48 * 
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male and three-jointed in the female ; only in Scklettererius and 
Siephanus aerrator they are five-jointed in the female and three- 
jointed only in S. tihiator male. 

Text-figure 1, 



St^ph^nus. 



Parjfstephanef/us, 


1. Niniration complete. 


2. DiHCuidal cell of cubital 
coll, not touching the Rubinedian, 
and more or less petiobite. 
ternal subniodian cell open behind. 
Radius not extending to margin 
of wing. 



3. Discoidal cell about as large 
as cubital, touching submedian 
cell. External subinedian c^ll 
open behind. Radius extends to 
inurgin of wing. 

Hemiatephanus, 



A/eostephanus, 


A. (lubitiil and discoidiil cells 
wanting; external submedian c.ell 
open lichind. 



Foenatopus^ 


o. External submedian cell is 
indicated by a part of the median 
ner\ ure onl} . 


0. Extenial submedian cell en- 
tirely wanting. 


Dsastephanus, 

The neuration of the wings shows five, apparently constant 
forms, which have been utilized as the foundation of as many 
subgeiieja* 




HTHEKOPTEKOUS FAMILY STEPHANIDJ:. 


711 


Schulte (Spolia Hymenop. 1906, p. 273) writes: ‘‘I cannot 
accept F(»natopu8 Sm, or any of the newly-erected genera of 
Stephanus Jur., as they are purely artificial, and useful at most 
for distinguishing groups of species in this ricli genus/’ Are not 
most of our genera artificial, and is not their object exactly that 
stated above? Cameron, again, in Ann. Soc. Ent. Belg. Ivi. 1912, 
p. 358, makes the curious statement : There are three longitudinal 
nervures, which is one of the points separating IStephanm from 
Paraatephanus.^^ There are always three such nervures, the 
difference being in the development. 

When the neuration is complete, as in StephanuSi s. str., there 
are three basal cells : costal, which is very narrow and often in- 
distinct, median and inner submedian ; an outer series of three : 
cubital, discoidal, and external submedian ; and a long, some- 
what narrow mdial cell. The type of this siibgenus is ISiephanua 
aatrator Fab. 

In the second form the neuration is similar to that of the 
second, but the discoidal cell is only about one-fourth of the size 
of the cubital, and is petiolate, not touching the inner submedian. 
They are Indo- Australian. Type: Parastephandlus pygmoeua 
Enderl. 

In the third form the submedian or posterior nervure is 
abbreviated, not extending l>eyon<l the apex of the inner sub- 
median cell ; the external subme<lian cell is thus o[)en behind. 
The discoidal cell is about the same size as the cubital, and 
touches the inner submediaii cell on a longer or shorter base. 
This subgenus, Heniiatephanm Enderl., is exclusively Neotropical. 
The type is H, mac?* urns Schlett. 

In these three subgenera the stigma is opaque and the 
bounding nervures indistinct. In the three following subgenera 
the stigma is smaller, tran.s]ucciit, the hounding nervures distinct, 
the cubital and discoidal cells wanting. 

Iti the fourth form, Xeofitep/ianna Kiefi’., there are three com- 
plete basjd cells ; the median nervure extends to the full length of 
the outer submedian cell and the second tmnsverse nervure is 
present, the outer submedian cell being thus bounded on three 
sides. Type: yeoat. aUuamli 

Form five, F(Biiatop?ia Smith, differs in having only a short 
prolongation of the median nervure beyond the basal cells, with- 
out any indication of the second transverse nervure. Type: 
F. hidicua Westw. 

Form six, Diaatepha?iu8 Enderl., has the neuration still fui-ther 
reduced, no nervure extending beyond the basal cells. Type: 
1), flavoniaculatm Enderl. 

In these three forms the radius does not extend to the margin 
of the forewing, the radial cell being apically incomplete. 

The colour in the majority of species is mainly black, f retpiently 
inclining to brownish; the head is often ferruginous or red, 
antennas and mandibles Imsally and the legs more or less red. 
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A few species ai*e fulvous, as F. 'iiatalims Westw. The size 
varies enormously within the same species, e. g. S, corontxtor^ 
20-40 mm. The terabra in female varies greatly in different 
species, but appears to retain the same proportional length in 
each spebies. The males are, as a rule, smaller and more slender 
than the females, although individuals may exceed the size of the 
smaller females. 

Very little appears to be known as to the lifediistory of these 
insects. Jurine writes of /Sf. serrator as living in dry wood ; 
Montrouzier observed <S. hm^}iatipoda flying from trunk to trunk 
on the edge of a wood ; the Cuban S, brimnem was taken in some 
numbers and in both sexes coming out of the same hole in a 
diseased tree, called Jalia. Roman (Arkiv for zoologi, 1917) 
considers it to be certain that they are forest insects and pamsites 
on wood-boring laiwae. He fouml them always round fallen or 
dead trees, which were infested by the larvae of Bhyncophora, 
Anthribidae, Longicornia, and Buprestidae. He hazards a conjec- 
ture that the special hosts belong to the Brentliidae, wliich, like 
the Stephanidae, are slender, elongate creatures, occurring in all 
warm countries. 

There can be little doubt that the family is more widely dis- 
tributed and the individuals more mimeious than at present 
supposed. No collector had paid special attention to them till 
Roman did so in 1914-15 in Bmzil, where he took 98 specimens, 
representing 7 species, all belonging to the subgenus Herni- 
atephanm. It is somewhat remarkable that IL vadomis accounts 
for 68 specimens, and that his two new species, //. antjnlicoUis 
and glahricoxis^ are represented each by one female only. The 
formation of the prothorax in these is very characteristic. 

One difficulty, inseparable from every attempt to compile a 
mouogmph without having access to authenticated specimens of 
every species, lies in the fact that every author has his own 
methods of description, and lays especial stress on diflerent 
characters. Schletterer first gave scientific descriptions, including 
details of the posterior margin of the hea<l, proportions of the 
basal flagellar joints, relative length of petiole to the remaining 
segments, and general sculpture. 

Enderleiu desires to emphasize the value of the microscopic 
sculpture of the central tergites, while Roman finds in the 
sculpture of the pronotum valuable characters for the determina- 
tion of species. 

Smith and Cameron have given us many quite worthless 
descriptions, based largely on colour only, but worst of all are 
Westwood's notes, one cannot call them descnptions, of S, diadeina 
and frontalis in the Trans. Ent, Soc. Lond. 

What may be the effect of the Great War on the various 
collections, especially in Belgium, cannot yet be known, but it is 
certain that the German lust of destruction has caused heavy loss 
to science in all non-militant branches. 
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TahU of Genera* 

(2.) 1. Hind wing: with basal cell; abdomen sessile 1. BchUttererim, 

(1.) 2. Hind wing without basal cell ; abdomen petiolate. 

(8.) 3. Cubital and disooidal cells present; stigma thick, chitiiiizod ; 

the boonding uervures indistinct (Stxfhavjnjb.) 

(6.) 4, Neuration complete 2. Stephanut. 

(4.) 5, Median vein incomplete, outer submedian cell open behind. 

(7.) 6. Discoidal cell about ^ of the size of the cubital cell, does not 
touch the submedian cell, but is petiolate ; stigma broad. 

8 , Para$tephanellui, 

(6.) 7. Discoidal cell nearly as large as the cubital, and touches the 
subinediau on a longer or shorter base ; stigma narrow, 


long, and fK)iiited 4. Hemifttephanus. 

(3.) 8. Cubital and discoidal cells wanting; stigma hyaline, bounding 

uervures distinct (Fa!»ATOPODiN.«.) 

(12.) 0. External R\ibm(*dian cell present imrtly. 

(11.) 10. „ „ „ ojicii behind only . . 5. Neontepkanus. 

(10.) 11. „ „ „ open apically and behind. 6. Ftmatopus. 

(9.) 12. „ „ ,, entirely wanting 7. Diastephanus, 


8chlkttereriu8 Ashm. 

Schletteremts p. I?i0; 6'tep?iaiHi8 Say, p. 61 ; Creisson 

( 2 ), 1880, p. xviii. 

This genus appeal’s to agree with Stephantts Jur. iu the 
neuration of the fore wings, the formation of the mandibles and 
the insertion of the antenna\ hut difters in having one complete 
cell in hind wing, abdomen ses.sile, the Inusal segment l>eing not, 
or but little, longer tlian the second. 

Only one species, S. cinctlpes Cres^., has hitherto been 
recognized, hut the description t>f rojli>€8 Say, though 
defective, suffices to place it here. 1 give the original 
descriptions. 

1. RUFiPKS Say, Z. c. 

Stephanm J ur. 

** S, Black ; abdomen sessile ; thorax not remarkably 

attenuate before. Inhabits Pennsylvania. 

“ Body somewhat sericeous; palpi pale yellowish; scutelhun 
with a groove on eacdi side, rough ; metathorax rough, and with 
two slightly elevated longitudinal distant lines ; wings hyaline : 
a lai’ge triangular fuscous carpal spot ; feet rufous ; posterior pair 
of tarsi dusky ; abdomen a little rough at base ; oviduct as long 
as abdomen. 

“ Length one-fifth of an inch. 

Although the arrangement of the wing nervures agrees 
precisely with S, eoroimtm Jur., yet the form of the bo<ly differs 
materially, the thorax not exhibiting the remarkable attenuation 
before, and the abdominal j»etiole is not visible.’^ 
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2. ciKOTiPBs Cress. 

Stephanm oinotipea Cress. (2), p. xviii; Schlett., p. 156. 
SMettereritiSy Ashm., Z.c. 

“ 5 . Black ; labriini) narrow band at base of all tlie tibiae, 
and apical third, except extreme tip of the ovipositor sheaths, 
white ; tarsi testaceous, paler at base ; trochanters, apex of first 
abdominal segment above, and most of the second and third seg* 
ments, ferruginous ; in front of ocelli a sharp semicircular cariua, 
toothed in the middle and on each side; face transversely rugose ; 
cheeks nearly smooth ; immedial^ly back of ocelli a series of 
sharp transverse ridges (sometimes this part is tinged with dull 
ferruginous); mesothorax finely, transversely wrinkled, the im- 
pressed longitudinal lines composed of deep pits; pleune and 
metathorax roughly punctured, the former less so and shining ; 
middle of scutellum smooth and polished; tegula* dull testaxieous; 
wings pale fuscous towards tips, an angular subhyaline band 
commencing at base of stigma, apex of wdngs ])aler than beneath 
stigma ; all tarsi 5-joiiited, the penultimate joint with a long 
tufted process at the tip beneath ; anterior taisi double the 
length of their tibia* and very slender ; posterior coxa* large and 
toothed above near the apex, their femora with tNvo large Ujeth 
beneath, and a number of small unequal teeth between and on 
either side of them ; their tibise not inucli thickened toward tip 
and not dilated ; their tarsi about two-thirds the length of tlui 
tibisa, with the first joint rather longer than the second, which 
is about equal in length with the third; abdomen smooth and 
polished, except the first segment, which is finely roughened 
and not longer than the posterior cox® ; ovipositor about 
double the length of the body. Lengtli •55-’75 inch.'* 

Habitat; Washington Territory (Morrison). 

Schletterer {1. c.) gives the habitat as “ 8ubreg. 3. United 
States*, Massachusetts, Pennsylvania, Washington, New' York,*' 
and adds that S, chictipes is connected wdth the Eiiro})ean 
S. serrator by its 5-jointed hind tarsi, and partly by the style of 
its sculpture, but differs in having two large teeth on the hind 
femora {serrator has three), in the sheaths of the terehra being 
white-banded before the apex, etc. 

Ashmead (Z. c.) says : “ Posterior tarsi in lK)th sexes normal, 
unarmed.” This appears to be a misprint for “ femora,” and is 
inoorrwt since cinctipes has the hind femora armed with two 
large teeth beneath. 

8, coronatus Panz., Jur., etc. is a synonym of S. serrator Fab. 
The two species differ in size, colour, and especially in this rela- 
tive length of terebra ; both occur in Pennsylvania. 

Say (Z. c.) states that the neuration of his rufipes agrees pre- 
cisely with that of 5, coronatus Jur., but does not especially 
mention the basal cell in hind wing. 
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SnSPHANCJS. 

Tli« designation Siephanus Jur., originally applied to the 
whole family, was restricted by Enderlein (2), p. 473, to the 
species possessing “ complete ** iieuration. comprising three basal 
cells, the costal, median and inner siibinedian, and three outer 
cells, cubital, discoidal, and external or outer submedian, together 
with a closed ra<lial cell ; and I follow him in calling this group, 
80 characterized, tlie suhgenus Stephanas. 

Unlike other suhgenem, it is distributed thi-oughout the 
whole range of the family, and to it belong tiie few known 
European 8i)ecieH. 

There does not ajjpear to he any character, other than the 
neuration, ])y which the species of this Mibgenus can be distin- 
guished from those of any otlier. As a j’ule they are large 
insects, mainly black, often with a red liead, but size varies in 
the females from 10 40 mm. 

The terebra varies from slightly shorter than the body to 
twice its length. The males are mostly smaller than the 
females, though in some species the few specimens knoivn of 
both sexes are nei\rly of the same size. Temple# smooth and 
shining, unless otherwise stated. 

The type of the Kuhg(‘nus is S. serrator Fah., which is 
unfortunate in some respects, as it has five-jointed hind tarsi in 
both sexes and tridentate femora ; the former diameter is 
uni(|ue and the latter is shared only by S. hw'iieemis »Sauss. 
*S. tibiator Scblett., from Aden, is exceptional in having the hind 
tarsi three-jointed in the male. 

The characters utilized for differentiation of species in the 
following table are : 1st, number of joints in hind tarsi ; 2nd, 
sculpture of temples; 3rd, colour of sheaths of terehm. Other 
important |X)ints are; relative proportion of petiole to rest of 
abdomen ; sculpture of head and thorax ; length of basal 
antennal joints : and colour of wings. 

'Fho colour of the head (black, red, or, in one case, yellow) is a 
good distinction ; here, as among Coleoptera, it is often found 
the black shows a tendency to become rufeseent, hut can never 
he mistaken for a true red. 

Table of Sjmnes. 

9. 

(2.) 1. HiimI tarsi 6-jointtjd ; himl fetuora truUMitate; temples finely 

rugnKt;‘punetate, 8-17 nun. 1. serrator Fab. 

(1.) 2. Hind tarsi 8-jointed ; bind femora liidentate (except No. 25). 

(8.) 8. Temples coarsely rugose-punctate. 

(6.) 4. Antenna* very short ; temples with a siiuwth space liehiud 

eyes; head bordered ; inesonotum entire 2. rtw^iiwr/i Griboilo. 

(4.) 6. Antennee normal. 

(7.) 6. Temples with smooth raised space heliind eyes; prothorax 

normal ; hind femora elender 3. Schlett. 
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(6.) 7. Temples without smooth space behind eyes ; prothorax with 
an inflated ring between neck and semiannular; hind 


femora very incrassate ... 4. Schlett. 

(8.) 8. Temples smooth. 

(22.) 9. Sheaths of terebra entirely black. 

(11.) 10. Frons coriaceo-granulate, legs entirely hmootli .. 6. Sichel. 

(10.) 11. Frons arcuate or trans-rugose, legs distinctly sculptuwl, 

(16.) 12. Frons arcuate rugose. 

(14.) 13. Petiole shorter than rest of abdomen ; terebra about one-third [ Schlett. 
longer than body ; head red . . . 6. pach^lomeras 


(13.) 14. Petiole longer than nnst of abdomen; terebra half as long (Cam. 

again as body ; head pale yellow, black bandwl. 7. jeanthooephalns 

(12.) 15. Frons coarsely, irregularly, or transversely rugose. 

(17.) 16. A distinct sulcus across vertev and part of (weiput ; terebra 
nearly half as long again as body; wings infumate, 
centrally darker .... 8. stt/ci/Voiw Srblett. 

(16.) 17. No distinct sulcus on bead or weiput. 

(19.) 18. Dark chest nut-brown ; sbeatbs of terebra blue-black. 

0. brunnetis Cam. 

(18.) 19. Head black ; body cliiefly black. 

(21.) 30. Petiole and hind covte coarsely tmnsrugo.se; wings iufusi^te. 

10. unicolor Schlett. 

(20.) 21. Petiole finely trans-striate ; hind coxie smooth ; wings sub- 

hyaline, iridescent ... 11. homianus Eiiderl. 

(9.) 22. Sheaths of terebra white-handed befoie apex. 

(42.) 23. Posterior margin of head simple, not boixlered or reflex ed. 

(33.) 24. Terebra about as long as body. 

(30.) 26. Head black. 

(29.) 26. Second flagellar joint twice as long as first, third little sliorhu* 
tliaii first and .second together. 

(28.) 27. Mesoiiotuiu confluently punctate ; hind femora shining, 

.smooth 13. andinuB Schlett, 

(27.) 28. Mesonotuui irregularly rugoHe-punctatc ; hind femora dull, 

13. Bickmanm Selilett. 

(26.) 29. Second and tliinl flagellar joints of equal length and little 

longer than first 14. Morb,/. 

(25.) 30. Head nut Idack. 

(32.) 31. Head, anterior femora and tihise mostly, and all tarsi red. 

15. tarsatm Sicliel. 

(31.) 32. Head }ollow, body dull ferruginous .... 16. fearnnus Cress. 

(24.) 33. Terebra distinctly longer than body. 

(35.) 34. Petiole basally smooth, head granulate, roe.sonotum coriaceo- 

puiictatt' 17. europau* Sichel. 

(34.) 35. Petiole basally striate, head and mesoriotum otherwise 
sculptured. 

(37.) 36. Mesoiiotum smooth, 2nd and 3rd flagellar joints of equal 

length and little longer than first . 18. torttm Morley. 

(36.) 37. Mesoiiotum more or less punctate. 

(41.) 38. Mesonotum rugose-punctate. 

(40.) 39. Median segmenicentrally densely punctate, latemliy diflusely. 

Head and thorax black, abdomen brown, petiole riifescent. 

19. anomalipcB Fst. 

(39.) 40. Median segment evenly rugose-punctate throughout. Head 
and thorax ferruginous, abdomen red-brown, petiole 
nigrescent .,20. fticof or West w. 

(38.) 41. Mesonotum difliisely punctate, median segment coarsely 

reticulate ... 21. nigr%can% (8ichel). 

(28.) 42. Posterior margin of head bordered or reflexed. 

(60.) 43. Posterior margin of bead bordered but not reflexed. 
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(4)9.) 44. Terebra aboni as lon^; as or very little longer tban body. 

(46.) 4)5. Petiole much shorter than rest of abdomen, mesouotum finely 

trans-striate and diffusely punctate 22. niger Smith. 

(45.) 46, Petiole as long as or very slightly shorter tliaii rest of 
abdomen, mesonotum not trans-striate. 

(48.) 47. Wings brown, centrally darker 2^. froggatti Cam. 

(47.) 48. Fore wings hyaline, with steely iridescence . .. 24. ceylonicut Cam. 

(44.) 49. Terobra distinctly longer than body. 

(51.) 50. Hind femora tridentate, forewings fuscous, with darker sf>ot 

or fascia in middle 25. horuemsis Sauss. 

(51.) 51. Hind femora hidentatc. 

(65.) 62. Wings evenly infumatc. 

(54.) 58, FroiiH arcuate rugose ; metapleune coriaceous above, clifi'uHely 
punctate beneath ; entirely black or blackdjvown. 

26. fnreatm Leii.& Serv. 

(53.) 54. Frons irregularly rugose, nietaplennc densely punctate, 

head red ... 27. Sauss. 

(62.) 56. Wings centrally or distally darker. 

(59.) 66. Wings centrally dark<*r, petiole «»horter tban rest of abdomen. 

(58.) 57. Head not impressed behind \ertex, seiiiiannular smooth, 

mesonotum posteriorly coiifiueiitly punctate 28. corona for Fah. 

(57.) 58. Head compressed behind vertex, semiaiinular transrugo»e, 

mesonotum posteriorly coarsely transrugost* , 29. ducaiig Westw. 

(56.) 59. Wings iiifumate, external meilian and submedian cells and 
then to margin of wing dark brown, petiole as long as ixst 
of alKlomen .. 30. tanceofatui Kieff. 

(43.) 60. Posterior margin of head reflextsl, collardikc. 

(62.) 61. Wings strongly infumate, centrally darker ; petiole shorter fMoiitrz. 
than rest of abdomen 31. hmmatipoda 

(61.) 62. Wings slightly hifuscate or hyaline, petiole as long as rest 
of alxlomen. 

(64.) 63. Head black, cheeks pale marke<l, median segment cnbrate 

punctate ... 32. ncaftts Lep. Sei'\. 

(03.) 64. Head red, me<lian segment coiifluently punctate.. 33. viUosus Kiefl’. 

(2.) 1. Hind tarsi 3>joiiited, hind femora hidentatc 4. Schlett. 

(1.) 2. Hind tarsi 5-joiQted. 

(6.) 3. Hind femora tridentate, 

(6.) 4. Mesonotum irregularly rugose, metapleurse rugose; wings 

hyaline, centrally and apically infuscate . 1. nerrator Fab. 

(4.) 5. Mesonotum cribrate punctate, metapleunu densely punctate ; 

fore wings with transverse dark band’ . 25. Sauss. 

(3.) 6. Hind femora bidentate. 

(10.) 7. Posterior margin of head protluced, collar-like. 

(9.) 8. Posterior margin of head translucent but not refiexed. Meta- 
pleurie and median segment ]mrtly con fluently punctate. 

33. ciliomc Kieft'. 

(8.) 9. Posterior iiiargiu of head refiexed. Lateral lolies of sctitellum 
coarsely punctate; inctapleune and median segment not 
confiuently punctate . 36. pilocus KWioit. 

(7.) 10. PosU^rior margin of head Iwdered, but not collar-like. 

(12.) 11. Wings subbyaline green and red iridescent ; outer orbits are 

white-marked . . 11. hornianus Enderl. 

(11.) 12. Wingi not iridescent. 

(20.) 18. Wings infumate, centrally darker. 

(17.) 14. Head red. 
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(16.) 16. Head impressed behind vertex; semianrmlar traiisragose ; 

mesoiiotum centrally smooth, metapleur® coarsely rugose. 

29. ducalUt Westw. 

(16.) 16. Head not impressed behind vertex ; seinianniilar smooth ; 

mesonotum densely, partly confluently punctate; metu- 

pleurie densely punctate 28. eoronator Fab. 

(14) 17. Head black. 

(19.) 18. Second and third flagellar joints of tMjual length and little 
longer than first ; median segmtMit densely punctate ; 
pt*tioh‘ shorter than rest ot abdomen, trans-striahi* 

throughout 2fl, ruhripes Alorley. 

(18.) 19. Second flagellar joint twice as lung as first, tliird distinctly 

longer than second; median segment diflusely punctau* ; [Szopl. 
petiole smooth, t)nly basally rugose. . . ... 34. rufofemoratm 

(13.) 20. Wings not centrally darker. 

(28.) 21. Wings more or less infuinate. 

(25.) 22. Thorax conflueiitly punctate. 

(24.) 23. Petiole traus-striate, lest of ahdoineii sniuuth and shining. 

Dark chestnut-brown . 9. hruuneuB Cicvs. 

(23.) 24. Petiole very finely transaeiculate, rest ot abdoinon finely 

alutaceous. If lack; head and anterior legs rod. 36. eowwm Morley. 

(22.) 26. Thorax otherwise .sculptmed. 

(27 ) 26. Vertex tran»rugose; median segment scrohiculati* reticulate; 

hind coxa? trans-striate. Black ; head red 13. tarmfus Sichel. 
(26.) 27. Vertex arcuate striate; median segiimnt densely, partly con- 
fluently punctate ; hmd coxte finely stnato between coarse 
.scale like rugosities. Black to dark brown, cheeks white- [Serv. 

marked 26. furcatns Lep. & 

•21.) 28. Wings elcar hyaline; vertex and occiput longitudinally 

carinate.. 37. rtfyosas Blliott. 

1. SEIIKATUR Fab. 

Ichneumon No, 193, Zscliab, i. p. (U), S? ; tab. Sf/nietata^ lig. 193, 
$ , 1789. Ichneumon serrator Fab. (1), p. 224, J , 1798. Stejthanus 
coronatus Panz., pi, et tig. 13, 1801, 2 ; Jni., tab. 7, 9 ; I iep.it *Sei v 
p. 489, pi. 376, fig. 2 a, 2>, c, 9 ; Nees ah Es., i, p. 8, 1834, 9 ; 
Blanch., p. 23. Bracon serrator Fab. ( 2 ), p. 108, 9 • Ichnenmon 
coronatus Latr., p. 179, 9 • Xorides coroaatus Lamarck, p. 135; 
Lc. iv. Ed. 2, 1835, p. 347. Btephauus nerrator llrull., p. 537, 9 ; 
Westw, ( 4 ), p. 227, 9 5 Sichel ( 2 ), p. 472, 9 (j* ; Schlett., p. 91, 
9 (S : Andre, p. 481, 9 c?. 

9 r? , Head with frons moderately coarsely and regtilarly, 
occiput more finely and irregularly rugose, arcuately near the 
posterior ocelli. Temples finely rugose-punctate, with a small 
smooth raised space behind eyes. Posterior margin of head 
simple. Second flagellar joint twice as long as first, third longer 
than second, but shorter than first and second together. Neck 
coarsely transnigose, semianniilar more finely. Mesonotum 
coarsely and irregularly rugose, more finely to nearly smooth in 
front, with a distinct central longitudinal channel and two lateral 
divergent rows of small punctures. Mesopleur® coriaceous 
rugose, with coarser reticulations behind ; scutellum centrally 
smooth, laterally longitudinally rugose ; metapleuraj rugose, but 
less coarsely than the median segment, from which they are 
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sepamted by a distinct sulcus. Petiole stout, irregularly rugose, 
Imsally more coarsely, much sboiljer than the remaining feebly 
shining part of abdomen. Terebra longer than body, its sheaths 
entirely black. Hind legs with the coxte finely coriaceous ; 
femora tridentate, tibia* con8tricte<i beyond middle and longer 
than femora; hind tarsi five- jointed in Vioth sexes. 

Black ; antennie basally brown ; niandibles basally ferruginous, 
cheeks white-marked; abdomen rufescent, apically black, or 
entirely black; legs brown, rufescent beneath, their joints 
whitish. Wings basally hyaline, centrally and apically slightly 
infuscate. 

Length 8-17 mm. 

Habitat : Germany, France, and Central Eiii'ope. 

The tridentate hind femora and five jointed hind tarsi will 
suffice to distinguish this species 5 , and the only other d with 
the former character (horneensts Sauss.) is nearly twice as large. 

2, AKTixoRii Grib. 

MegischuB antinorii Gribodo, p. 346, J . Stephanm ant. Schlett., 
p. 108; W. A. Schulz (2), p. 16, $ . 

^ . Frons nuxleiiitely shining, densely and irregularly, not 
arcuately, reticulate rugose. Five frontal tubercles (not six as 
stated by OrilK>do in his original description), of nearly equal 
size, H triangular space in front of the anterior ocellus shining 
smooth. A^ertex densely, coarsely, and deeply rugose- punctate, 
with five curved carintc in front and a longitudinal impression 
hehintl. Occij>uf coarsely but difiusely and not deeply rugose- 
punctate, without longitudinal impression. }^>sterior margin of 
iiead shai*}>ly bordered, Olieeks rather shorter than scape and 
as long as second flagellar joint, shining smooth and diffusely 
punctate. Temples with a smooth shining protuberance near 
eyes (as in gigas\ above it coareely and deeply punctate, below 
densely and coarsely rugose-punctate. Antennae unusually short, 
32-jointed, reaching only to the base of median segment; second 
flagellar joint two and a half times as long as first, third only as 
long as second. Neck weakly transrugose, separated by a right- 
angled impression from the semiantmlar, which is densely and 
coarsely rugose-punctate, with a lux)ad smooth posterior margin. 
Prosternum shining, anterior third finely rugose-punctate, remain- 
der smooth with very sparse and deep punctures. Mesonotum 
entire, centrally almost smooth, otherwise very coarsely, but not 
deeply or densely rugose- punctate. Scutelliuii shining, with a 
few' punctures on the lateral lobes, and the Iwrders of central 
lobe finely striated. Meso pleurae densely and coarsely reticulate, 
with a smooth shining space below tegulae and above middle 
coxie. Metapleurae prominent, coarsely reticulate rugose, with a 
broad, deep, and curvately carinate impression in front and a 
similar smoother impression behind. Median segment discally 
extremely coarsely reticulate, laterally rugose, separated from 
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the metapleiiriB by a fine longitudinal carina, behind which is a 
naiTOW sulcus. Petiole basal ly transrngose, then finely trans- 
striate, apically smooth, shorter than rest of abdomen. Terebra. 
nearly as long as body, feiTuginous, sheaths entirely black. 
Hind legs with coxsb stout, with setiferous punctui*es in front, 
more sparse towards middle, apically finely trans-stria te ; femora 
inflated, microscopically finely and densely alutaceoiis and 
punctate. 

Head, thomx latei'ally, legs including tibia? and petiole beneath 
with long, sparse, coarse hail's; similar but shorter and finer 
hairs on abdomen. 

Wings hyaline, apuially infumate, stigma opaque, nerviires 
pitch brown. 

Black ; mandibles and antenna? red-brown ; cheeks and base 
of anterior femora red-yellow. Wings faintly iridescent. 

Length 25 mm. Terebra 23 mm. (Gribodo: 26 mm. ; terebra 
20 mm.) 

Habitat : Mahal Uonz, Shoa, East Africa, 1 $ taken by 
Marquis Orazio Antinori. Described fi‘om the unicpie type in 
the Museum at Genoa by W. A. Schulz. 

The extremely short antenna' and six frontal tubercles, as 
described by Gribodo, inclined Schletterer to doubt this species 
being a true Stephanus^ but the latter chai-acter pi’oves to be a 
mistake, the five frontal tubercles being quite noi^mal ; and 
Schulz states that the right antenna is complete, the apical 
joint is normally pointed and 1 J times as long as the penultimate, 
not showing any signs of being abnormally formed or dwarfed. 

This species re.sembles aV. gigas and S, tihiator Schlett. in the 
very coarse sculpture of the body and especially of the temples, 
but difiers from both in the unusually short antenme. From 
S, gigas it may be further distinguished by the bordered posterior 
margin of the head and by the broadly smooth posterior margin 
of prothorax ; from S, tihiator it differs in the absence of the 
longitudinal sulcus on occiput, in the formation and sculpture of 
the prothorax, etc?. No other specimen having been yet taken, 
it must remain uncertain whether the short antennse are truly 
characteristic of the species. 

3. GIGAS Schlett. 

Steplianua gigas Schlett., p. 116. 

Frons very coarsely and irregularly rugose ; occiput arcuateJy 
rugose near the posterior ocelli, behind this centrally trans- 
versely, laterally irregularly rugose. Temples covered with 
dense, rather deep and partly confluent punctures, excepting a 
smooth space behind ocelli. Posterior margin of head simple. 
Becond flagellar joint fully twice as long as first, third only as 
long as second. Neck coarsely transrugose, semiannular coarsely 
rugose-punctate throughout, excepting an indistinctly rugose 
impression near tegul». Mesonotum centrally somewhat smooth, 
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with a central longitudinal row of broad and deep punctures, and 
two deep, divergent sulci, laterally very coarsely rugose-punctate. 
Central section of scutellum smooth, with a few marginal 
punctures ; lateml lobes densely, coarsely, and partly confluently 
punctate. MetapleursB and median segment very coarsely and 
retioulately rugose, separated by a deep rugose sulcus. Hind 
legs with the coxa) short and stout, transrugose, more finely 
behind ; femora comparatively small and slender, polished 
smooth, with two large teeth ; tibia) much longer than femora 
and compressed only in basal third. 

Black ; mandibles bosally and hind coxae ferruginous, antennae 
with basal half brownish. 

Habitat : Schiras, Persia. Type in Imp. Nat. Hist. Museum, 
Vienna. 

This description was taken from a specimen without abdomen, 
and as no mention is nunle as to the number of hind tarsal 
joints, the sex cannot be determined. It appears to resemble 
closely aV. tihiator Hchlet.t. from Aden, in the coarse sculpture of 
head and temples, though diflering in the structure of pronotmn 
and in the slender hind feuioni. 

4. TIBIATOR Schlett. 

Siephanm tihiator Schlett., p. 293. 5 d; Morlev (1), pp. 34 Jb 

112 , 

2 d . Frons very co.irsely and irregularly to reticula tely 
rugose ; vortex ohli(juely arcuate rugose; occi})ut very irregularly 
j)mi<'tato-vugose, with a centnil longitudinal impression. Temples 
coiirsely ami deeply punctate, posteriorly more diffusely and 
cleanly, near the cheeks more densely and confluently. Cheeks 
feebly punctato-rugose. Second flagellar joint twice as long as 
first, iliird slightly more slender than second and but little 
longer. Neck very short, laterally coarsely rugose, al>ove with 
two large fovea) sepanited by a longitudinal carinn ; then follows 
a coarsely rugose-punctate inflated part, se{>a rated by a distinct 
constriction from the semiannular, which is apically coarsely 
rugose, centrally and laterally densely and partly confluently 
punctate, with a polished smooth posterior margin. Mesonotum 
centrally dift*usely punctate, apically and latemlly rugose ; 
scutellum smooth with difi*use punctures, its three lobes define<l 
by crenulated sulci. Mesopleuiw rather coarsely and irregularly 
rugose in the upper impressed part, irregularly to reticulate 
rugose henefith, with a smooth, shining, and diffusely punctate 
space near the tegulge ; metapleur® very prominent, coarsely 
and iiTOgularly rugose, separated by a deep sulcus from the 
coarsely retriculate rugose median segment. Petiole trans- striate, 
apically smooth and shining. Terebra shorter than body, 
sheaths entirely black. Hind legs with coxae basally densely 
aciculate punctate, apically transrugose ; femora strikingly 
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inoraasate^ bidentate, smooth and shining, with diffuse setiferous 
punctures : tibiie as long as femora, compressed to about middle ; 
tarsi threegointed in both sexes. 

Blacky with a tendency to brownish, especially in the cheeks 
and tarsi. Antennse ferruginous in $ , bUujk in J , Wings 
hyaline. 

In (S the rugosity of the somiannular is more pronounced 
than the puncturation ; the lateral lobes of the scutelliim are 
more rugose than punctate; the abdomen is longer and more 
slender in $. 

I^ength 2, 21-24 mm. ; abdomen petiole 10-11 j 

mm, ; terebra 20-22 mm. ; d , 21 mm. 

Habitat : Aden ; Ruaha River, late German East Africa, 

This species appears to differ from S, gigas Schlett. in the 
formation of the prothorax am) in the strikingly incrassate hind 
femora. 

In some respecte it resembles S. pachghme7ni8 Schlett., from 
which it may be distinguished by the coarsely punctate temples, 
formation of the prothorax, and by the shorter petiole and 
terebra. 

It resembles S. aiitiiwrli in size, length of terebra, and incriis- 
sate hind femora — this last is not nncominon among the African 
species. It differs in the longitudinal occipital suUais, structure 
and sculpture of prothorax, formation of mesothorax and 
sculpture of mesopleura?. 

S, tibiator (S is distinguished from all others yet known the 
hind tarsi being three-jointed, and is the only known exception 
to the rule, that the males of this family have those tarsi five- 
jointed. 

8, serrator 2 alone has the hind tai'si five-jointed, otherwise 
they are invariably thret»- jointed. 

5. NiGRiCAUDA Sichel. 

Megischus nigi^icauda Hiehel (2), p. 479, 2 . 8tephanm n, 
Schlett., p. 106, $ . 

2. Frons coriaceo-granulate, veitex arcuate rugose; occiput 
with basal third trans-striate, remainder smooth polished. Pro- 
notum smooth and shining, neck subquadrate; mesonotum 
almost impunctate, smooth and shining, with an anterior 
longitudinal impression, separfiteil from the smooth polished 
scutellum by a row of punctures; median segment scrobiculate 
reticulate. Petiole finely trans-striate, remainder of abdomen 
smooth polished. Terebra as long as body, sheaths black. Legs, 
especially the hind ones, smooth and shining ; hind femora 
bidentate. 

Black ; head red, vertex black, cheeks pale marked ; mandibles 
basally and two or three basal antennal joints red or lufescent ; 
anterior tarsi rufous, middle tarsi white-handed, base of hind 
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metatarsus and whole of following joints wliite, claws Mack. 
Wings flavescent, costa beyond stigma black ; nervures fuscous. 

lliength of body and terebra 15-1 6| mm. Wings 8-8| mm. 

Habitat : Manila (Luzon). Prof. Hem per. 2 J J . 

Sichel remarks on the variability of the serrations between the 
large teeth. In one specimen one of these, near tfie apex of 
femora, amounts almost to a third tootli, while on the other 
specimen this is present on one femur only. 

The corinceo-granulate frons, the very smooth pro- and meso- 
notum, and the apparent absence of all sculpture on the legs 
suftice to distinguish this species. 

6. PAClJyLOMEHUS Sohlrtt. 

Steplnunt!^ pachyhmtenis Hchlett., p. 1)8, 9 » Morley (1), p. 111. 

$. Fron.s coarsely arcuate rugose; vertex very convex and 
arcuate to transverse rugose ; occiput transrugose. Posterior 
margin of head simple. Temples centrally prominent, very 
shining; cheeks shorter than sitfipe. Second tlagellar joint more 
than twice ns long as iirst. third only as long as second. Neck 
very short, with a deep oblicjue impression, and superficially 
punctate rugose ; semianuular polisluMl, with very tlittiise fine 
]>uucture.s. Mosonotum with medium size<l and partly confluent 
punctures, Scutellum smooth, margins of lobes obliquely striate. 
Me8oj)leura} with the uj»pfM- impresseil [)iirt oblique rugt>se in 
front, smooth behind, the lower convex part difiusely punct^ite. 
Metapleura) coa.rsely and irregularly rugose, separatetl from the 
cribrate -punctate median segment by a dtep, slightly rugose 
sulcus. Petiole finely transrugose, distinctly shorter than the 
rest of alHlomen ; second Rogniout shining smooth, basally feebly 
j'ugose, the remainder rather dull. I^orehra longer than body, 
its sheaths entirely black. Iliiid leg.s with coxjc strtmgly shining, 
difiusely punctiite; femora very incrassate, suiootli, diffusely 
punctate, bidentate ; til )iie slightly longer than femora, compressiMl 
nearly to mi<ldle. 

Black ; head, base of mandihlos, sc.ape, third segment entirely 
and legs partly' red ; apic.al abdominal segments more or less 
rufescent. Wings subliyaline, discal and external submedian 
cells infuacate. 

Length 28 mm.; terobra 35 mm. 

Habitat: West Africa (Gaboon); type in Nat. Hist. Museum, 
Hamburg. Gold Goaat ; in coll. British Museum. 

This species resembles S. coronator and ducalis in sha^ie and 
colour, but may be easily distinguished by the entirely black 
sheaths of the terebra, prominent tomples, weaker puncturation 
of mesothorax and more incrassate hind femora. From S, snl- 
cifrom^ which it also resembles, it may be known by the absence 
of the sulcus on vertt^x and by the simple }>osterior margin of 
head. It differs from <V. mnthocephalm Cam. in the short pro- 
notum, sculpture of prothorax and hind co^ie, and in coloration. 
Proc. Zool. Hoc. — 1922, No. XLIX. 49 
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7* XANTHOOEPHALtrS Cam. 

Stephaniis xantkocephalus Cameron ( 10 ), p. 358, $ • 

$ . Frons strongly arcuate striate ; vertex irregularly arcuate 
rugose, occiput finely and closely traus-striate ; posterior margin 
of head simple. Pronotum densely and rather strongly trans- 
striate; nie.sonotuin shining, irregularly striate and punctate, 
basal half centrally smooth. Scutellum smooth, apically sparsely 
punctate. Pleurte smooth, wliite pubescent. Median segment 
with large, difi’use punctures, apically irregularly traus-striato. 
Petiole finely and closely striate, apically more strongly, longer 
than rest of abdomen. Terebra half as long again as body, 
sheaths entirtdy black. Hind legs with coxae densely striat(3, 
femora with two large teeth, one medium and two very small. 

Black; head pale yellow, with broad black band from occiput 
to posterior tubercles ; scape testaceous; antenmc black; third 
segment partly, ventral surface and apical segment entirely 
rufous ; apices of femora, anterior tibiio and tai'si, apex of hind 
tibhe, and bind metatarsus rufo-testiiceous. Wings liyuline, 
posterior discoidal cell infumaie, stigma and nervures l)lack, 

Lengtli 28 mm. ; terebra 43 mm. 

Habitat: Dima, West Africa. A. Koller. Tyj )0 in Dongo 
Museum, Tervouren. 

The pale yellow, black- banded head is very distinctive, 

8. SULCIFEONS Schlett. 

Slephanm atdcifronH 8chleit., p. 110, 0 , l Mfglsclms imulicUor 
Smith ( 3 ), p. 7 6 . 

5 . Frons coarsely and obli(juely to irregularly rugose, vertex 
transrugose, the rugosity gradually passing into puuctnrution ou 
occiput, and all sculpture disappearing at back of bead ; a. very 
distinct longitudinal sulcus across vei-tex and part of occiput ; 
posterior margin of head strongly bordere<l ; cheeks rather sbovbu* 
than scape. Second flagellar joint twice as long as first, third 
shorter than fii-st and second together. Neck coarsely* and 
obliquely rugose; seraianiiular rather closely and partly con- 
fluently punctate, its posterior margin polished smooth. Meso- 
notum difiusely and coarsely punctate. Hcutellurn smooth, with 
a few conspicuous marginal j)unctures. Mesopleuraj feebly rugose 
and shining in the upper impressed part, punctate below ; meta- 
pleurai very coarsely and densely punchite, separated from the 
coarsely cribrate-punctate median segment by a deep and smooth 
sulcus. Petiole transrugose, apically smoother, shorter than rest 
of abdomen, whicli is basally shining, otherwise dull. Terebra 
much longer than body, sheaths entirely black. Hind legs with 
COX83 coarsely transrugose; femora entirely smootli, bidentate, 
the tibia? longer than femora, compressed to beyond middle. 

Black ; bead, two basiil antennal joints, anterior legs and hind 
tarsi red or ferruginous. Wings slightly infuscate, centrally 
darker. 

Length 23 mm. ; terebra 30 mm. 
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Habitat : Mindanao, Philippines. Type in Museum at Ham>- 
burg. 

cf (?). M. inaidiatorf Smith. Mah. Length 9 lines. The 
head and base of the anteniifti ferruginous; the former trans- 
versely striated, with the posterior margin of the vertex smooth 
and shining, or with a few punctures. Thorax strongly, but not 
closely punctured ; wings fusco-hyaline, the anterior and inter- 
mediate tibiae rufo-testaceous, with the femora obscurely so ; the 
posterior femora with two stout teetli beneath and six minute 
ones between them ; the posterior tibi® at their apex, and the 
tarsi pale rufo-testaceous. The abdomen elongate, lanceolate at 
the apex, and entirely smooth and shining. Ilab. Mysol.'^ 

This species may be best known from the very similar S. coro- 
naior F. by the sulcus on vertex and entirely black terebral 
sheaths ; the latter character and the smaller size will distinguish 
it from ducalis Westw. Smith’s description of his inaidiator 
is defective, but it may be the male of sidcifronay which it appears 
to resemble. 

9. BiiUNNEUS Cress. 

Megischus hrumiem Cresson (1), p. 84, J cf . 

9 . Hoad coarsely rugose, vertex deeply taans- striate. Thoiax 
coarsely and confluently punctate ; apex of median segment trails- 
rugose. Petiole tra ns- striate, remaining segments shining 
smooth. Terebra longer than boily, spicula brown, sheaths blue- 
black. Hind femora bidentate, the anterior tooth largest ; hind 
t ibiio compressed in basal third ; liind tibue .‘{- jointed, metatarsus 
much dilated. All tarsi yellow pubesc'ent beneath. 

Dark chestnut- brown, antenn® blackish, scape brown, legs 
brown, knees yellowish, ]M)sterior femora and tibi® externally 
nigrescent. Wings subhyaline, tinged witl» fuscous; stigma and 
nervures black, former with basal pale spot. 

Length 111 lines (14-23 mm.); teielau !) 13} lines 
(18 27 ram.); fore wings 9j-144 lines (19-29 mm.) 

cf . Similar to J , but more slender ; the t wo teetli on hind 
femora equal in size, hind t.ibi® loss dilate<l, all tarsi five- join ted, 
hind metatarsus not dilated. 

Length 9 lines (18| mm,); alar exjianse line^ (19 mm.) 

Habitat; Cuba, 

“ Collection Ent. Soc. Philad, Two $ J o 6 specimens. 
Both cf and $ of this species were Uken by Dr. (.luncllach in 
considerable numbers, coining out of the same hole in the trunk 
of a diseased tree, called Jalia in Spanish.*^ 

10. uNicoLOK Schlett. 

Stephanua unicolor Schlett., p. 104, 9 . 

9 . Frons rather coarsely and irregularly to arcuately rugose ; 
occiput transrugose, more coarsely neai’ the ocelli; posterior 
margin of head with raised border; cheeks as long as scape. 

49^ 
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Second fla,gellar joint one and a half times as long as lirst, third 
fully twice ad long as first, but shorter than first and second 
together. Neck very short, laterally coarsely rugose, bifoveato 
above ; semiannular smooth and shining, with a few anterior and 
lateral superHcial punctures. Mesonotum diffusely punctate, with 
a distinct i*ow of central punctures. Scutellum polished smooth, 
with a few lateral ])uiictures, Mesopleurte smooth above, feebly 
rugose and diffusely punctate beneath ; metapleuru) coarsely 
i*eticulate to irregnlary rugose, separated by a smootli shining 
sulcus from the median segment, whicli is reticulate to cribraf e 
punctate. Petiole moderately coarsely transrugose, little shorter 
than the rest of abdomen, the central segments more or less dull, 
the basal and apical segments shining smooth. Terebra as long 
as body, sheaths entirely black, ilind legs with coxa3 coarsely 
transrngoso ; femora stout and polished, bideiitate ; tibioB 
compressed to beyond middle. 

Black ; the head shows a tendency to hec(»me red on tlie fions, 
pale yellow’ on cheeks and temples ; s(»n[)e ferruginous, anterior 
legs brown to rufescent. Wings slightly iiifiiscate. 

Length 14 mm. 

Habitat: Mindanao, Philippines. Type in Nat. Hist. Museiim, 
Hamburg. 

This species is somewhat similar to *S^ Schlcdt,, hut 

only half as large and wanting the distinctive vertical sulcus. 
It also resembles F. in die (is West., 1). lemodiKiins Schictt., and 
J>, pallesce7is Schlett., from all of lyhich it may he known by 
the neuration. 

11, iioHNiANUs Enderl. 

Stephanm ho^ndemus Enderl. (5), j). 12, J d . 

$ cf . Erons coarsely transrugose; vertex with four trans- 
carinte; occiput irregularly rugose. Second tlagellar joint sliorter 
than third. Neck trans-striate ; semiannular smooth polished, 
with a row of punctures before posterior margin. Propleurje 
trans-striate, mesopleura? smooth, lower half punctate, apex snh- 
rugose; metapleime widely reticulate, separated from the median 
segment by a very deep, smooth, and shining sulcus. Median 
segment widely reticulate, hasally diffusely punctate, apically 
densely transrugose. Petiole finely trans-striate, as long as, or 
slightly shorter than remainder of abdomen, '.rerebra in ^ 
rather longer than body. Hind legs with coxie shining smooth, 
diffusely punctate, tmnsrugose in front and behind ; femora- 
diffusely punctate, bidentate. 

Black ; a yellow spot on outer orbits : petiole an<l legs except 
coxa? and liind femora ferruginous ; last tarsal joint black. 
Wings subhyaline, with red and green transverse iridescence on 
outer margin ; stigma and nervuras black. 

Length ? Habitat: Ceylon. 



HYMiSNOPTBROUS FAMILY STBPMANIDAS. 


727 


Enderlein appears not to have given the size of this species, 
but as he compares it with S. ceylmiicua Cam. and S, hmrtmtipoda 
Montrz,, it is probably about 28-30 mm. The former of the 
above species is said to resemble the present one in colour, with 
tlie same spot on the outer orbits, but the sculpture of the meso- 
and meta-pleune differs, the petiole is black, and the wings have 
a steely iridescence. 

12. ANDiNus Schlett. 

jStepImius andinus Schlett,, p. 138, 2 • 

2 . Frons soinewljat coarsely and irregularly rugose ; occiput 
transrugose, coai’sely in front, more regularly towards the eyes. 
'I'cmples finely but distinctly obliquely rugose, with a smooth 
space hehimi eyes. Fosfcnior margiji of hea<l simple. Heconil 
flagellar joint twice ns long as first, third a little shorter than 
first and second togctlier. Neck rather coarsely transrugose ; 
seiniannular finely but distinctly oblicpiely rugose. Mesonotum 
(U)ars<‘ly and continently punctate, tlie usual median row of 
punctures wanting and the two lateral impressions represented 
l)y indistinct rows of punctures. Scut ell urn coarsely and diffusely 
punctate*. Mesopleuiw above finely aintaceous and dull, beneath 
slightly shining and diiliiscly punctate ; metapleurae dull, finely 
and diffufiidy punctate, sepaiated from median segment by a (lee}> 
and dull sulcus. Median segment diffusely but deeply punctate, 
apically transrugose and with distinct lateral sulci. Petiole 
traim-striolate, bnsally more irregularly rugose, sliorter than rest 
of abdomen, which is discidly dull, laterally sliining, Terehra 
MS long as body, sheaths white-lianded before apex. Hind legs 
with coxaj trans-striolate ; femora shining smooth, hidentate; 
tibia) constricted not quite to middle, 

Black ; ehec^ks pale marked : the anterior legs, especially the 
tarsi, tend to become brownish. Wings hyaline. 

Length 1 9>'2() inin. 

Habitat: Colombia. Type in Iloyal Nat. Hist. Museum, 
Berlin. 

Tins species differs from S, anitvs Lep. Seiv. in the simple 
posterior margin of head, coarser pun<*turation of mesonotum, and 
shorter petiole. From S, viypr Smith it may be known by the 
finer sculpture of the frons, obliquely rugose temples, and rugose 
seiniannular. 

13. siCKMANNi Schlett. 

Stephanns dchnanni Schlett, p, 152, 2 ♦ 

2 . Frons coarsely and irregularly lugose ; occiput anteriorly 
arcuately, posteriorly transversely, and laterally irregularly 
rugose. Temples with a few apical punctures. Posterior margin 
of head simple. Cheeks slightly longer than scape. Basal flagellar 
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joints normal. Neck coarsely transrugose, semiannular distinctly 
transrugose and finely punctate, with smooth posterior margin. 
Mesonotum coarsely and irregularly rugose-punctate. Scutellum 
centrally smooth, laterally with diffuse to dense and partly con- 
fluent puncturee, lateral lobes smooth in front, densely and 
confluently punctate behind. Mesopleur«e above distinctly 
alutaceous, shining smooth, with diffuse punctures below; meta- 
pleurae diffusely punctate, more densely in front, separated from 
median segment by a very shallow and alutaceous sulcus. Median 
segment rather coarsely and diffusely punctate, longitudinally 
rugose round insertion of petiole, marginal furrows indistinct. 
Petiole centrally smooth, basalJy and apically somewhat rugose, 
shorter than remainder of abdomen, which is apically dull. Terebra 
about as long as body, sheaths white-banded before apex. Hind 
legs with coxae coarsely transrugose above, laterally more irregu- 
larly ; femora subglabroiis, bidoiitate ; tibiae compressed not ijuite 
to middle. 

Black; cheeks pale marked; antennae, mandibles basal ly and 
the legs, especially about the joints, tend to become luifous. 
Wings almost hyaline. 

Length 24-25 mm. 

Habitat : (Georgia, U.S. A. Type in Royal Nat. Hist. Museum, 
Berlin. Named after Prof. Franz Bickmann, of Iburg, Hanover. 

This species resembles small individuals of furcatus l^ep. & 
Serv., from which it differs in the shorter petiole and terebra, 
and sculpture of prothorax and mesonotuin. For differences 
between this species and S. hicolorWe^itw.y seethe latter specie.s. 
It boars also a gi*eat resemblance to //. warghmUs Schlett.. but 
is easily distinguished by the neu ration and by the reflexed 
posterior margin of head in latter. 

14. CRASsirAUDA Morlcy. 

Strphanns craaaicamld Morley ( 1 ), p. 106, J , 

5 . Head coarsely and iri'egularly rugose, a central longitu- 
dinal traiis-striate sulcus on occiput ; posterior margin of head 
simple ; temples finely punctate, prominent and glabrous above. 
Second and third fiagellar joints of equal length and a little 
longer than first. Neck short, with tliree strong trans-carin® ; 
semiannular finely trans-stria te, its posterior margin narrowly 
smooth; mesonotum coarsely punctate; scutellum smooth, with 
diffuse and rather fine punctiiration. Meso- and ineta-pleur® 
alutaceous and dull, with a few punctures, latter separated from the 
median segment by a sulcus. Median segment scabriculous and 
centrally trans-siriate. Petiole trans-striate, as long as rest of 
abdomen ; apical segments discally emarginate. Terebra slightly 
longer than body, sheaths unusually stout and abruptly pointed, 
ferruginous, with a white band before the equally broad black 
apex. Hind legs with cox® elongately pilose and sparsely trans- 
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carinate; femora smooth and pilose, with two vety long and 
slender teeth ; tibiae constricted in basal third and again beyond 
middle. 

Black ; a white spot on cheeks ; base of flagellum ferruginous ; 
anterior legs, hind trochanters, constricted part of tibiaD, their 
apex, and the hind tarsi fulvous. Wings slightly infumate, 
external submedian cell darker, with a pile space beyond it. 

Length 26 mm.; abdomen 16 mm.; petiole 8 mm.; terebra 
27 mm. 

The type, in the British Museum, bears a label “Australia, 
1868 only. 

I'lie cotype, in same collection, is much smaller : body 20^ inm. ; 
abdomen 13 mm.; petiole G mm.; terebra 19 mm. It was taken 
by F. P. Dodd, 5. iii. 08, at Townsville, Queensland. 

15. TARSATUS Hicbel. 

JfcyMnfn iarsfdus Siebel (2), p. 476, pi. 10, figs. 4 et 5, 9. 
Stephanus tarHaiiis Seblett,, p. 107, J f . 

9 . Face below antennao obliipiely striate, the striae descending 
from the sides to the central line; frons transrugose; vertex 
coarsely transrugose; occiput with a small central pait traiis- 
rugose, laterally irregularly reticulate. Neck elongate, truns- 
rugose; mesonotum apn^lly smooth, centrally diffusely punctate 
with a few tinnsrugosities ; scutellum smooth, with deep and 
coarse but diffuse punctures; median segment scrobictilate 
reticulate. Abdomen slightly puhes(*ent; petiole trans-striale. 
Teridaa as long as liody, white-l>anded before apex. Hind coxa* 
trans-striate ; bind femora, bideiitate. 

Black; lieail except apex of mandibles, s(*ape, sometimes also 
basal flagellar joint, ajiex of pronotum, anterior femora, tibia> 
mostly, and the tarsi red; antennie fusco-piceous. Wings in- 
fumate, nervures fuscous or rufo-fuscous. 

Length 38 mra. Expanse of fore wings 18 mm. 

c? . Similar to 9 ^ bead more strongly transrugose, occiput 
centrally more broadly trans striata*, metathorax more rugose, 
pt*tiolc and coxie more finely sculptured, serrations on hind 
femora finer ; abdomen fusc,o-})iceous. 

Length 24 mm. Expanse of fore wings 11 mm. 

Habitat; Manila, Philippine.s ; Bachian, Molucca Islands. 

Schletterer (/. c.) tentatively synonym izes this with M. tarsalis 
Smith, from Bachiaii, remarking that it corresponds in the 
infumation of the wings, length and colour of terebra, colour of 
body, sculpture of petiole, and, to some extent also, in sculpture 
of head and thorax. It appears, however, to difler in having the 
head coarsely sculptured, black, not red as in tarsatns^ the thorax 
coarsely punctate, and is only 9 lines (18 mm.) long, I consider 
it a distinct species, but the description is insufficient for certain 
determination. 
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16. TBXANUS Cross. 

Megiachim texcmm Cress. (2), p. 100, $ . 

9 . Frons coarsely reticulate ; vertex witli two trans-cariiia? ; 
occiput finely transrugose. Pronotuin smooth ; raesonotum 
coarsely rugose ; metanotuin (median segment) centrally and 
apically rugose. Petiole as long as rest of abdomen. Terebra as 
long as body, basfil half of sheaths ferruginous, apical half black, 
white-handed before apex. Legs shining; hind femora bi- 
dentate; hind tibiae constricted above middle. Wings “too 
much damaged to be described.’’ 

Opaque, dull ferruginous; head yellowish, mandibles apically 
black ; antenn.‘e apically darker ; hind 1.ibia» with constricted 
part yellow: frontal tubercles apicall}’ and abdominal segments 
from secontl apically fuscous. 

Length 10 mm. 

Habitat : C?oinul C<»., Texas. 1 J . 

In the absence of details as to the wings, J place this species 
in the suhgenus Stephanvfi, It appears to be characterized by 
the sculpture of the head and by the colour, especially of the 
terebral sheatlis. 

17. EURor.EUS Sichel. 

Bothriocerus euro^xjum iSichel (1), 1800, p. 759, 9 • Megischm 
eur. Sichel (2), p. 484, 9 . Stephamis eur, Aiulre, p. 486; 
Schlett., p. 9r>, 9 . 

9 . Head granulate, frons near tubercles irregularly rugulose, 
occiput above regnlai’ly transrugose. Pionotum irregularly 
trans-striate, its extieme posterior margin smooth ; mesonotnrn 
coriaceo-granulate, obscurely trans-striate, with central longitu- 
dinal row of punctures; median segment coriaceo-granulate and 
apically obscurely ti’ans-striate. Petiole trans-striate, basally 
smooth, remainder of abdomen smooth and shining. Terebra 
longer than body, its slieaths apically wliite-banded. Legs 
smooth. 

Black; mandibles and antennee basally rufo-testaceous; 
teguhe, petiole, base of second segment, trochanters, anterior 
tibiae, liind tibim basally, and all tarsi red or rufescent. Wings 
subhyaline, stigma black, nervnres fuscous. 

Length 13 mm. ; terebra 17 mm. 

The unkpie specimen was taken in Sicily in Sept. 1859, 

In the absence of details as to the relative lengths of the 
antennal joints and of the hind legs, it is impossible to place 
this species with certainty. It appears to he very near anoma- 
lipes Fst„ from wliich it differs chiefly in the basally smooth 
petiole. The granulate sculpture is probably the same as that 
otherwise described as coarsely punctate. A similar case occurs 
Avhere the same sculpture is described by one autlior m “coarsely 
striate ” and by another as “ carinate.” 
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18, TOETUS Morley, yj^4 

Stephanm tortm Morley ( 1 ), p. 8% $ • 

5 , Frons reticulately, but not transversely rugose ; the 
three anterior tubercles prominent, acute ; occiput laterally 
coarsely reticulate, centrally transaciculate ; posterior margin of 
head simple. Second flagellar joint rather longer than first, 
third only as long as second. Neck transrugose, semiannular 
glabrous. Mesonotum smooth, central row of punctures distinct, 
lateral rows subobsolete. Mesopleuree smooth above, rugulose 
beneath ; inetapleuraj rugulose, separated from the median 
segment by a strong, glabrous sulcus. Median segment deeply 
and rather diffusely punctate, apically transaciculate. Petiole 
shorter than rest of abdomen, finely tra!»s-striate throughout, all 
remaining segments sniooth shining. Terebra about one-third 
longer than bod}", sheaths white-handed before apex. Hind legs 
with coxa' discally glabrous and finely granulate, below and 
inside obsoletely trans-atriate; femora bidentate, shining smooth, 
Hpirsely punctate ; tibim compressed in basal third, centrally 
excised and apiciilly inflated. 

Black ; mandibles and a spot near their base red ; petiole 
dark red, rest of alxlomen piceous; anterior legs, except hasally, 
rod ; himl tibiaj piceous, centrally red. Wings slightly infumate. 

Length 2(1 mm. ; abdomen 11) mm. ; petiole 0 mm. ; terebra 
.*14 mm. 

Habitat : Nedunkernie, N.P. India, Taken by 0. S. Wickwar. 

Type in coll. (Ilaiide Morley, Monk Hobom, Huftblk. 

The proportions of the flagellar joints, grainilate liind coxa\ 
arnl structure of hind tibia* <liatinguisb this species from till 
others with whit(»-bauded terebi-nl sheaths. 

19. ANOMALIPES Fst. 

p. 228, J ; Schlett., p. 93 ; Andre, 

p.487, 

?. Frons ratlier coarsely and irregularly rugose; occiput 
diflusely and arcuately rugose behind the tul)ercles, posteriorly 
transversely, laterally irregularly rugose. Temples with a few 
shallow and confluent punctures in front; posterior margin of 
head simple. Second flagellar joint twice as long as first ; third 
longer than second, but shoiier than first and second together. 
Neck rather coarsely and transversely, semiannulai' more finely 
and less regularly rugose. Mesonotum rather coarsely, 
posteriorly more densely transrugose punctate, with a <listinct 
central longitudinal line of punctures and two lateral impressions. 
Scutellum centrally shining smooth, laterally finely and densely 
punctate. Mesopleuree rather coarsely coriaceous throughout; 
metapleursB coarsely and irregularly rugose, separated by a 
distinct and slightly alutaceous sulcus from the median segment, 
which is coarsely and densely rugose-punctate. Petiole rather 
slender, finely coriaceous, Imsally ii>distiuctly transrugose. 
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shorter tiian the remaining segments together, also shorter than 
the hind coxfe, trochanters and femora together ; rest of abdomen 
basally rugose, thence dull to apex. Terebra longer than body, 
its sheaths white-handed before apex. Hind legs with coxas 
plainly trans-striate above, laterally coriaceous and shining ; 
femora internally shining, externally and above almost shining, 
slightly rugose behind, bi«loiitato; tibi® longer than femora, 
compressed in basal third. 

Black; cheeks pale mai'ked, mninlibles and antennfo Iwisully 
ferruginous, temples tending to brownish ; abdomen brown, 
petiole rufescent; legs more or less rufescent. Wings slightly 
iufumate throughout. 

lAjngth 17 mm.: tereljra 21 mm. 

Habitat: Hungary. Forster’s type is in the State Museum 
at Budapest. 

Distinguislied from 8er7*ator Fab. by the three- jointed bind tarsi, 
white-banded terebral sheatlis, etc. From aV. sickmaiiai Schlett. 
it may be known by the rugose, not punctate metapleuraB, 
coriaceous petiole, and longer terebra. 

20. BTCOLOR Westw. 

Stephaims hicolor Westw. (2), p. 535; (3), p. 276; Schlett., 
p. 154, ? . 

9 . Frons arcuately to irregularly rugose ; occiput anteriorly 
arcuately, posteriorly rather coarsely transversely, laterally more 
irregularly rugose. Temples very dilfusely punctate. I’osterior 
margin of bead simple. Cheeks a little longer than scape. Basal 
flagellar joints normal. Keck rat her coarsely transrugose ; 
seiniannular finely transrugose and s]>arse]y punctate. Meso- 
notuni rather coai'sely punctato- rugose. Scutellum smooth, 
with a few punctures on outei* margin only. Mesopleura^ above 
alutaceo-riugose, below somewhat densely punctate; metapleune 
irregularly rugose, separated from the median segment by a 
nearly smooth sulcus. Median segment rather densely punctate 
centrally, laterally more ditfusely, oblique to transverse iiigose 
round insertion of petiole, crennlate marginal sulci distinct. 
Petiole basally irregularly, otherwise transversely striate, shorter 
than remainder of abdomen, which is entirely dull. Terebi’a 
evidently longer than body, sheaths white-handed before apex. 
Hind legs with the coxfc laterally coarsely and irregularly, above 
indistinctly, apically decidedly transrugose ; femoi a slightly 
shining, bidentate ; tibi» compressed to middle. 

Badious ; bead and thorax ferruginous, remainder of body red- 
brown ; petiole more or less nigi'escent. Wings slightly infumate. 

Length 15-22 mm. Habitat: Kentucky, Georgia, U.8.A. 

This species may be known from S, sichmanni Schlett., which 
it much resembles, by the longer terebra, sculpture of meso- and 
meta-pleurse and of petiole, which is rugose throughout, not 
centrally sniooth. The colour is also distinctive, being a decided 
red -brown or chestnut, aV. sickiTianm l>eing deep black. 
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21. NIGRICANS (Bichel), Schlett. 

Megischm tarsatus var. nigricans Sicliel (2), v, p. 47(>, 5 . 
Stephanus nigricans Schlett., p. 109, 2 • 

2 . Face below antennsB irregularly rugose reticulate, frous 
trausnigose; occiput centrally broadly transrugiilose, laterally 
coarsely and deeply reticulate. Neck elongate, transrugose; 
mesonotum diffusely punctate; scutellum centrally smooth, 
laterally diffusely punctate ; median segment coarsely reticulate. 
Petiole traiis-striate ; terebra longer than luxly, broadly whitie- 
l>anded l^efore apex. Hind coxae trans-striate ; hind femora 
hidentate. 

Black; tegulae apically rufescent; anterior legs red, front 
femora externally black. Wings infiunate, nervures fuscous. 

Length 33 mm.; fore wings 12 mm.; terebra 35 mm. 

Habitat : Ceylon. One 2 Sichel. 

Sichel considers this a variety of S. tarsatus Sichel, which it 
strongly resembles, but the different sculpture of face and occiput, 
black Imad, ami longer terebra entitle it to specific rank. 

22. NIGER Smith. 

Megischus niger Smith (4), i. p. 44; Cam. (1), p. 420, pi. xviii. 
fig. 19, 9 • Stephanus niger Schlett., p. 135, 9 • 

9 . Froiis coarsely and irregularly rugose ; occiput anteriorly 
arciiate-rugo.se, {losteriorly transversely, latex’ally irregularly 
rugose ; cheeks scarcely as long as scape. Posterior margin of 
head strongly bordered. Second fliigellar joint two and-a-haif 
times as long as first, thin! as long as first and second together. 
Neck with a distinct transverse impression, beljind which it is 
finely and spai^sely rugose ; semiannulnr polished, with very fine 
and diffuse punctures. Mesonotum finely trans-striate and 
diffusely punctate, the usual central row of punctures and the 
two lateral impressions obsolete. Scutellum smooth, with a few' 
marginal punctures. Mesopleurw smooth, with diffuse coarser 
and finer punctures; metapleura? finely and irregularly rugose, 
separated % a deep and smooth sulcus from the median segment, 
which i.s diffusely and irregulaily punctate, with distinct 
marginal furrows. Petiole very distinctly trans-stria te, much 
shorter than remainder of abdomen, but nearly as long as the 
hind coxaj, trochanters, and femora together, Terebra scarcely 
longer than body, its sheaths white-banded before apex. Hind 
cox® trans-striate between stronger rugosities ; hind femora dull, 
bidentate ; tibi® compressed not quite to middle. 

Black; checks pale marked and the anterior legs with a 
tendency to brown. Wings hyaline. 

Len^>h 23-25 mm. 

llaVutat: Panama, Guatemala. Type in British Museum. 

This species is distinguished from the similar S, niarginalis 
Schlett. by the bordered but not reflexed jK>steviov margin uf 
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head, shorter petiole, and by the sculpture of prothorax and 
median segment. 

S, sichnamii Schlett. 1ms the posterior margin of head simple, 
neck of prothorax sliort, semianiiular riigose-pmictate, and meso* 
pleurae punctate. 

23. FROGGATTii Cam. 

MegUchtis froggattii Cameron (9), p. 357, f <S • Stephanus 
froggaiiii Cam. (11>, p. 98; Elliott ( 2 ), p. 28, 2 <S • Stvphanim 
rubripes Morley ( 1 ), p. 107, J t?. 

2 <S • Fi’ons strongly transrugose ; vertex arenately and 
occiput transversely rugose; cheeks shorter than scape; posterior 
margin of head bor<hu*ed. Second and third liagellar joints of 
equal length and I'atlua- longer than lirst. Neck short, cen- 
trally longitmliiittlly iin])ressed, witli one strong basal carina ; 
semiannular widely aciculate, extreme base smooth. Mesonotum 
coarsely punctate, with central smooth s])ace ; niesosternum flat 
and polished. Srutelluui smooth, basally hounded by a crenulate 
furrow. lVo[)leiira> diffusely punctate ; mesopleurw smooth 
above, with three or four irregular rows of punctures below : 
metapleniw closely rugulose tliroughout, separated by a smooth 
sulcus and a (‘arina from the median segment, which is rather 
densel}^ hut superficially punctate. Petiole transacicnliite, a 
little shorter than tJie remaining segments together ; base of 
second segment fe(>hly rugose, rest sm(*oth and sinning. Terolma 
as long as, or very slightly longer than body, sheaths black, 
brcxidly white-handed before apex. IJind l(*gs wdtli coxre slciuhn- 
and strongly trans-striate ; femora smooth and sinning, hi- 
dentate ; tibi.v longer than femora, constricted in basal thir<l ; 
tarsi five-jointed in , three-jointed in 2 ; »11 tihijc and the hind 
femora ejongately pilose. 

Black ; mouth-parts and genal orbits testaceous ; anterior legs 
except coxa3 and trochantei*s bright red ; hind femora and tarsi, 
except apically, and apical two-thirds of hind tihim red. Wings 
brown, centrally darker, stigma and nerviires black. 

Length, 33 rnin. ; abdomen 22 mm.; petiole 10 mm.; 
terebra 35 mm. ; <5,10 mm. ; abdomen 11 min. ; petiole A.] mm. 
Another <5 , 12, 8, 3J mm. Taken by W. W. Froggntt, 8oTomon 
Islands, July- Aug. 1909. 

2 <5, length 22 mm.; abdomen 13 mm.; petiole 0 mm.; 
terebra in 5, 21 mm. Taken by C. M. Woodford, Solomon 
Islands, 1887. 

There are also in the Briti.sh Museum 5 5 $, 2 <5 cj, their 
dimensions l 3 dng betw^een tliose given above. 

Cameron states that the abdominal petiole is a little longer 
than the rest of abdomen, but actual measurement shows it to be 
shorter. He also gives the colour of the wings as fusco- 
violaceous ; it is now brown ; possibly faded. 
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Tills species trnicli resembles S. rttfo-feimratus Hzcpl., also 
from the same locality, but (lifters in the I'elative length of the 
basal joints of the antennas, sculpture and length of petiole, and 
the strongly trans-striate hind coxas. 

Cameron considers it to be near liis Megisclms violaceipennis 
from New Britain, in which the sculpture of the body tends to 
be reticulate. 

Mr. 0. T. Brues found in the Museum of Harvard College 
4 5 5, 2 cf cf) from Auki, Tulagi, Fulakora, and Malaili. Tlie 
larger females, 20-31 mm., have the femoral teeth ^nore strongly 
developed than in the smaller individuals of 21-23 mm. The 
males measure from 20-21 mm. 

24. CBYLONICIJS Com. 

Stepha.uu8 cef/Ionictts Cam. (4), j>. 102 ; Morley (1), p. 34, $ . 

9 . Fi’ons irregularly transrugosc, arimaiely above; vertex 
and oeciput arcuatt^ rugose; posterior margin of head linely 
bo]‘<l(‘red. Second llagellar joint twic'e as long as liist, third 
little longer than second. Neck closely tmns-striate, with 
eeJitnil apical row of ]mnctiir(*s, seiuianiiulur transcarinatc^, 
laterally diffusely punctat(‘, a. narrow posteihn* margin smooth. 
M(w>notum dillusely piinctabs scutelhim only laterally punclato. 
Propleurre closely obli(piely striate; mesopleuia* almost im- 
]>unctato; meta})leune smooth abo', (», c,(>arsely and almost 
reticulately traiisrugose beneath. 1\I(^dian segment diffusely 
puiujtatc?, apically transreticnlate. Pet-ioU^ closely tifuis-striate, 
as long as x’est of abdomen, wliich is smooth. Terebra sligldly 
longer tlian l»ody, sheaths wlnte-bamlod before apex. Mind 
coxa? transrugose, hind femora, bidentnte. 

Black; a pa,le spot below eyes; anterior legs ami bas(^ of hind 
tibi» rufo-testaceous. Wings Ijyalino with steely iri»lescence ; 
stigma and nervures black. 

Length 28 mm. 

Habitat ; Trincornali, Ceylon (VerhuryJ. Kandy aiid Gal* 
gainua, Ceylon (Morley.) 

25. BORNKENSIS SilllSS. 

Meghchus bomenuh Saus.s., p. 202, 9 cf . 

“ 9 cf . M. rvfice/pa simillimus, ejusdem pictura ; capite 
tamen toto riifo ; tantnm mandibuhe apiece nigris. Antenna) 
nigra?, primo articnlo rufo. Caput sicut in specie, laudata 
insculptnm sed snperne totiim et occipite transverse arena to- 
strigatum. Facies rugoso-punctatji, norinuncpiam tamen utrin- 
que strigis nonnullis, valde obli(jmc conferens, vel toto transverse 
obsoleta arcuata - strigata. Mosonotum politum, cribrosnm, 
antica utrin(pie punctis confluentibus crasae strigatus ; scutello 
poliio. Coxfc postico ti'ans verse elovato-rugatie ac striatie. 
Femora postica, deuti uscpie 3 armata (1 ante medium, 2 prope 
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apicem), Alffi fuyco uebulosae, in medio vitta transvei'sa vel 
maculis fusca. 

“ Variet. a, Pedibus fusco-rufescentibiis. 

6. In individuis minoribus et in nmribus sculptura 
incomplete explicata. 

“ $ . Long. 20-31 ; thoracis 4*8-7*5 ; petioli 6-10 ; oviposit. 
32*5-40 mm, 

c? ♦ Long. 25 ; thoracis 4*6 ; petioli 6*5 ; al® 12 mm.” 

HabitAt: Borneo. 

Very similar to furcatus J^ep. <fe Sei v, and to rujiceps Sauss., 
but distinguished from both by the tridentate hind femora and 
the central dark mark or band in fore wing; from the latter also 
by the sculpture of the frons, and the longer terebra. 

26. FURCATUS Lep. & Serv. 

Stephanm furcatus Lep. 8erv., p. 1835, $ ; Schlett., p. 130, 
’5 d . Stc-phanus brasiliensis Wefitw , (1), p. 413, pi. 66, lig. 3; 
Westw. (3), p. 227, d , Megkchus annulator Brull., p. 539, pi. 40, 
fig. 5; Sichel (2), p. 482, $; Cam. (1), p. 419, pi. 18, fig. 7, d • 
Stephanus annulator Westw. (3), p. 228, 2 . Hothrlocerus 
americanus Sichel (1), p. 761 , 2 . Meyischus aniericaans Sichel (2), 
p. 480, 2 • Megischus hrasilianus Sicliel (2), p. 483, cT . 

2 d . Frons vei*y coarsely irregularly to arcuately rugf)se ; 
the tliree anterior tubercles very largo ; occiput coarsely l ugose, 
arcuately in front, transversely behind, laterally irregularly. 
Temples iipically feebly rugose; cheeks as long as scape. 
Postei’ior margin of head strongly bordered. Second flagellar 
joint fully twice as long as first, third longer than second but 
shorter than first and secoml together. Neck coarsely trans- 
rugulosc, semiannular smooth, slightly transrugose in front and 
with a few lateral [>unctures. Mesonotum witli a central row of 
very coarse punctures, a smooth, diffusely punctured space on 
each side bounded by divergent impressions, beyond which it 
is laterally transi’ugose, with a more or less extensive smooth 
space, Scutellum polished and diffusely punctate. Mesopleurte 
finely coriaceous above, obliquely rugose in front, smootli and 
diffusely punctate beneath ; metapleur® with a few coarse 
rugosities in which are some large punctures, separated from the 
median segment by a shallow but distinct and almost smooth 
sulcus. Median segment punctate, more densely and partly 
confluently centrally and laterally, apically transrugose. Petiole 
trans- striate, shorter than rest of abdomen, also shorter than tlio 
hind cox®, trochanters and femora together; second segment 
shining smooth, basally rugose, remaining segments rather dull. 
Terebra longer than body, white-banded before apex. Hind legs 
with cox® finely transrugose between coarse, scale-like rugosities; 
femora shining smooth, bidentate ; tibi® compressed not quite to 
middle ; tarsi five-jointed in cJ , three- join ted in 2 • 
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Black to dark brown, cheeks sometimes pale marked. W ings 
infumate. 

Length 25-39 mm. ; terebra in $ , 38* 52 mm. 

Habitat ; Brazil ; Guatemala. 

The sculpture of the median segment is variable. In some 
specimens in the British Museum tlie punctures are more diflPuse, 
only apically and laterall}^ confluent, forming transverse rugosities; 
in othei’S the punctures are more confluent, the greater part of 
the segment being coarsely tiunsrugose. The punctures appear 
to ho more distinct in the d than in the 2 2 • 

S. annulator Brull., 2 d ; the types are in the British 
M useum, and certainly belong to the present species. 2 • length 
25 mm. ; terebra 27 mm. ; abdomen, anterior legs, and hind 
tibise rufescent. : length 23 mm. ; the front legs and hind 
tibiae red. 

S. hvisiliensia Westw., 2 • Typo in British Museum. This 
is a very small specimen, only 17 mm. Jong, terebra 20 min., 
with alwlomen and all tarsi rufescent. I cannot find any 
specific difference from furcatus Lop. Serv, 

Tliia species is sai<l to he the lejist rare of the family. It can 
be distinguished fjom slckmanni Schlett. by the raised 
posterior margin of the he*id, sculpture of thorax, and longer 
terebra. It also superficially resemhles Ilemistephanm mar- 
(final is iSehlett., but may bo at once distinguislied by the 
neuration of tlie wings, 

27. uuBiOEPS Sauss. 

Megisch'ns rnjicejjs Sauss.. j». 201, 2* Slephunus saujfsiori 
Schulz (2), p. 322, 2 • 

“ Ba Chieu, prov. Saigon, 1880; CaiulKxlia, 1880. 

“ 2 * Validus, cineroo-hirtus, J/. farcaii Brull. statui a ot illi 
similliiiie. Gaput rufus, ore nigro, palpis fuscis. Antenna* 
nigra?, hnsi superne rufie, primo articulo rufo. Caput antorins 
rugato-punctatum, baud arcuato strigatum, sii[)ra crassissime 
areolato’punctatum, in vertico rugis transversis elevatis 1-4 
iustructuin ; occipitis vitta lorigitudinali transvorsa striata. 
Kiontis depressis subrlioniboidalis, rugosa, per tiirbiculos rugi- 
formes 5 nigros circumscripta, marginilius infero-lateralibns 
vittfiin transv^ersa strigatum notatis. Pronoti collum crasse tiuns- 
verse plica to strigatum. Mesonotum crasse cribi’o-punctatum, 
hand strigatum. T^egula 0 rufidue. Mesoj)leura? dense punctativ. 
Scutellum et postscutellum rugulosa. basi et apice j)olita. 
Metanotuin crassissime foveolato punctatum. Abdominis petiolus 
lit solitum confertim transverse striolatum. Abdomine de 
reliqiio laevigatum, sericans, basi petiolari rugulosa. Terebra 
nigra, aniiiilo ante apicem longiusctilo albido. Pedes nigri, politi, 
partibus rufo-testnceis. Ooxas postice ]>lus minus cmsso 
subsquamoso riigosee, ac punctatie, 8U|)erne apice transverssB 
strigatfp. Femora postica suhtus crenata. dontibus*que 2 amiata. 
Ungues ruffle, Alte nebulosse, venis nigris. 
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“Long, lii 27 ; thoivix 4*5-6; petioli 6*r)-9*5 ; al® 10*6-16*5; 
oviposit. 26*5-34 mm.” 

M. de Saussiire tentatively suggests as males for this species 
two very small insects, taken in Siam. They differ in having 
the head entirely red, the occiput almost striate, as in 
S» borneenais Sauss., the sculpture of the body less pronounced, 
and the pronotum scarcely striate in one specimen. Ijength 
10 mm. 

This species appears to closely resemble S. furcaiua Jjep. & 
Serv., but the face is rugose-punctate, not arcuate rugose; tlie 
mesonotum, median segment, and mesopleur® depsely punctate, 
and the head red. It also resembles S. coronaior Fab., but 
differs in the red bend and the sculpture of head and mesopleuree. 

Schulz (/. c.) alters the name of this species to aausaurei, on 
the ground of ruficeps being preoccupied by Oameron^s Central 
American insect. As the latter falls into the subgenus 
HemistephanuSf T reinstate the original name. 

28. coiioNATOK Fab. 

Pimpia coromtor Fab. (2), p. liB, J. Steplmnns coroimtor 
Boisd., p. 656, pi. 12, fig. 7, y ; »Schlett.,p. 114, J (5“ ; Euderl.(4), 
p. 306, 9 * J/egischns cor* Brull., p. 538, y ; Sichel (2), 
p. 477, y cf. Jlegisch^ts iiisfdaris Smith ( 1 ), p. 120, $ 6 • 
Megischus ridims Smitli (2), p. 138, S . J\Jegischns longicaudalm 
Costa, Ach. (2), p. 271, ? ; ( 1 ) p. 81, J cf , pi. iv. figs. 1 u d , 

\h $. 

y . Face coarsely arcuate rugose ; occi])ut immediately behind 
tub(^rcles arcuately, behind this centrally transversely, laterally 
obli(j\ioly rugose. Posterior margin of head sharply bordered. 
Cheeks distinctly longer than scape. Second flagellar joint twice 
as long as first, third a little longer than second. Neck vei*y 
coarsely transrugose ; soraiannular polislied, with a few punctures 
in front. Mesonotum coarsely, densely, and iiosteriorly partly 
corifluently punctate, anteriorly more diffusely, with a distinct 
central longitudinal ]*ow of punctures and indistinct latenil 
impressions. Hcutellum centrally smooth, lateral lobes diffusely 
punctate. Mesopleurse almost smooth and shining above, rugose- 
punctate beneath ; metapleune coarsely and densely punctate, 
separated ])y a slightly rugose sulcus from the coarsely cribrate 
punctate median segment. Petiole basal ly coarsely, apically more 
finely transrugose, little sliortor tlian remainder of abdomen, 
which is basally rugose, otherwise feebly shining. Terebra rather 
longer than body, sheaths white-banded before apex. Hind legs 
witli coxfe coarsely transrugose behind ; femora polished smooth 
and posteriorly extremely finely punctate, hidentate ; tibim much 
longer than femora, compressed in basal third; tarsi three-jointed. 

tS . Similar to J hut more slender ; petiole is to rest of 
abdomen as 5 : 6 ; hind tarsi 5- jointed. 
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Black; head, mandibles except apices and the scape ferru- 
ginous; anterior legs chestnut-brown. Wings infumate, with 
darker spot in middle. 

Length 20-40 mm. ; males average about 5 mm. less than 
females. 

Habitat : East India ; Sarawak ; Java ; Bachian ; Ceram ; 
Amboina; Kaissa; New Guinea; Australia; Sumatra. I)r*Dolirn. 

Jf. imvlwtis Smith, Types in British Museum, From 
Sarawak. Rather small, but typical specimens of S, coronator 
Fab. 

Length cf > 19 mm. ; $ , 20 mm. ; terebra 25 mm. 

Text-fig, 2. 
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Stephanus cot'onafor. 

This species greatly resembles S. dacalis Westw., from 
which it may be distinguished by the smooth semiannular 
and by the sculpture of mesonotum, mesopleurse, and median 
segment. 

From S, hamatipoda Montrz. it can be known by its red head 
with less prominent posterior margin, and by the sculpture of 
head, median segment, and hind cox®; from S, Schlett. 

it may at once be separated by the absence of the sulcus on 
vertex and by the white-banded terebral sheaths, which latter 
character will also distinguish it from the African paehylomerus 
Schlett. 

Paoc. ZooL. Soc.— 1922, No. L. 
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29. DUOALis Westw, 

Megisohm dmalis Westw. ( 4 ), p. 239, $ . Stephanus ducalis 
Schlett., p. 112, $ . Stephanua lucidus Szepl., p. 532, cj . 

$ . Prons coarsely transriigose ; vertex coarsely arcuate 
rugose ; occiput centrally distinctly impressed, arcuate rugose in 
front, becoming transverse towards posterior margin of bead, 
which is sharply bordered ; cheeks shorter than scape ; flagellar 
joints normal. Neck coarsely ti'ansrugose, semiannular less 
coarsely, with shining smooth posterior margin. Mesonotum 
centrally smooth, diffusely punctate in front, with a rather 
indistinct central longitudinal row of punctiii-es and two shallow 
lateral impressions, laterally and posteriorly coarsely rugose- 
punctate. Mesopleurfe smooth above, rugose-punctate beneath ; 
metapleurae coarsely rugose-punctate, separated by a deep trans- 
rugose sulcus from the cribrate punctate median segment. 
Petiole basally irregularly, apically finely and trail sver'sely 
rugose, shorter than rest of abdomen ; 2nd segment basally 
coarsely rugose, its apex and the last segment shining, remaining 
segments dull. Terebra longer than body, sheaths black, white- 
banded before the apex. Legs sparsely pubescent; hind legs 
with C 0 X 88 coarsely transrugose, femoi’a smooth and shining in 
front, finely punctate behind, bidentate ; tibiae longer than 
femora, compressed not quite to middle; tarsi three- jointed. 

Black; head, scape, and base of mandibles ferruginous. Wings 
infuscate, centrally darker. 

Length 20-36 mm. ; terebra 25-41 ,mm. 

Westwood’s type is in the British Museum. 

S . Differs from the J chiefly in the occiput being more 
obliquely rugose, petiole only basally rugose, 2iid segment basally 
rugose as in $ , but i*einainder of abdomen sinoeth and shining ; 
hind tarsi five-jointed ; anterior femora partly, their tibias and all 
the tarsi often dark red. 

Length 20 -23 mm. Szepligetti’s type {S, lucidu8y c? ) is in 
the Hungarian National Museum at Budapest. 

Habitat : widely distributed in the Indo- Australian Region ; 
East India, Java, Sumatra, Borneo, Pulu-Penang, Celebes, 
Sumba, Key Island, Bachian, and New Guinea. 

Schulz (2), p. 19, mentions a very large 5 , 36*5 mm., in 
which the posterior angles of median segment, metapleurse, 
petiole, and hind cox«e are all of a metallic steel-blue or violet — 
colours not previously observed in this family. 

This species differs from S, coronator Fab. chiefly in the heaxi 
being impressed behind the vertex ; the rugose semiannular, and 
the coarse sculpture of mesonotum, mesopleurae, and median 
segment further distinguish it. From S, hcematipoda Montrz. 
it may be known by the impressed head, the arcuately rugose 
vertex, less prominent posterior border of head, and by the 
sculpture of the median segment. The absence of the sulcus on 
vertex and the white-handed terebral sheaths will suflice to 
separate this species from S, siddfrons Schlett. 
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30. LANOEOLATUS KiefF. 

Steplumm lanoeolatus Kieffer (8), p. 277, $ . 

5 , Head from antennee to the sharply bordered posterior 
margin coarsely arcnate rugose; anterior frontal tubercle scarcely 
larger than the lateral ones, posterior pair smaller, the space 
between tubercles centrally smooth. Flagellar joints normal. 
Pronotum elongate, with apical transcariiia, posteriorly trans- 
striate, laterally smooth ami shining. Mesonotum and median 
segment smooth, coarsely and diflusely punctate. Scutelluni 
smooth and shining, coarsely punctate on margins of lobes. 
Propleiirae nearly smooth ; meso- and meta-pleiiraa coarsely and 
diffusely punctate, former anteriorly subrugose. Petiole coarsely 
and closely trana-striate, as long as rest of abdomen ; second 
segment smooth and shining, four times as long as broad ; 
remainder transverse, shng^reened, and shining. Terebra about 
half as long again as body, slicaths white-handed before apex. 
Middle and hind coxae smooth, with whitish pubescence ; hind 
femoiu smooth, bidentate ; tibiae compressed to middle. Htigma 
very long and pointed. 

Black; head except apices of mandibles, two basal antennal 
joints, front legs except bfvsal third, and hind tarsi red ; inter- 
mediatf* leg.> black-hrown. Wings infumate, distally darker, 
external median and submedian cells and thence to posterior 
margin l)ro\vii ; stigma and nervures black. 

Length 24 mm. ; terebra 37 mm. 

Habitat : Obidos on the Amazon (P. Kihler). 

Distinguished from S. wdcuUpennk Westvv., especially by the 
coarsely truns-striate petiole without lateral tubercles ; from 
A', riificeps Hauss. it may be known by tlie arcuate rugose head 
and darker wings. 

31. H^MATiPODA Montrz. 

Stephanas hcematipQda Montrz., p. 114 ; Scldett., p. 110, £ . 

5 . Frons coarsely and irregularly laigose, somewhat obliquely 
near the eyes ; occiput arcuate rugose behind the tubercles, 
posteriorly centrally transrugo.se, laterally more irregularly. 
Temples diffusely and finely punctate. Posterior margin of bead 
with slightly reflexed border. Neck very coarsely trans-striate. 
.semiaiinular smooth, laterally coarsely puncta to -rugose. Meso- 
notum centrally diffusely punctate, with a longitudinal row of 
conspicuous punctures and indistinct lateral impressions, re- 
mainder coarsely and subtransversely rugose-punctate. Scutelluni 
polished smooth with a few marginal punctures. Mesoplenia' 
smooth above, slightly rugose in front and behind, coarselv 
rugose-pimctato beneath, separated by a deep rugose suhuis from 
the median segment, wliich is very coarsely cribrate punctate, 
laterally and apically indistinctly transrugose. Petiole coarsely, 
anteriorly irregularly, otherwise distinctly transversely rugose, 
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a little shorter than remninrler of abdomen and as long as hind 
coxie, trochanters, and femora together ; second segment basal ly 
rugose, apically smooth, the remainder dull. Terebra white- 
handed before apex, ilind legs witli coxae very coarsely trans- 
rugose; femora smooth, bidentate; tibiae much longer than 
femora, compressed not quite to middle. 

Black; cheeks marked witli pale red; anterior legs fenughious, 
their coxae black and tarsi pitch -brown ; apical inflated part of 
hind tibiie feiTuginous. Wings strongly infumate, centrally 
darker. 

Length 30 mm. 

Habitat : Woodlark Island, NewGuinea. Bacbian, Jobi Island. 

Two specimens of this species are in the Royal Nat. Hist. 
Museum in Dresden ; in both the antennse are wanting and 
terebra broken ; Montrouzier states the latter is white-banded. 

Schletterer considers this species very similar to /S. cormator 
Fab. and dacalis Westw., in both of which the head is red 
and tl>e sculptnie very different. 


32. ACUTXTS Lep. k Bei*v, 

Meyisclins acutus Lep. ik Serv., p, 480 ; Brulh, p. 540, J . 
Stephanus acutus Schlett., p. 137, $ . 

$ , Frons moderately coarsely arcuately rugose ; occiput 
very coarsely arcuate rugose near tubercles, otherwise irregularly 
to transrugose. Temples smooth and shining. l^osterior 
margin of head elongate, reflexed collar like. Cheeks shorter 
than scape. Basal flagellar joints normal. Neck coarsely trans- 
rugoso, less distinctly basally; .semiannular smooth, with coarse 
but diffuse punctures. Mesonotum shining, latei^lly densely, 
partly con fluently punctate, a median longitudinal row of 
punctures, on each side of which is a smooth space, followed by a 
row 6f broad punctures. Scutellum polished, with a few marginal 
punctures. Mesopleurie shining, diffusely punctate; ineta pleura) 
denKsely pubescent, somewhat rugose, separated by an almost 
smooth sulcus from the median segment, which is cribrate 
punctate and apically transrugose. Petiole finely trans-striolate, 
about as long as remainder of abdomen, wliich is shining, with 
a few dull spots, due to microscopic sculpture. Terebra a little 
longer than body, white-handed before apex. Hind legs with 
coxae trans-striolate between coarse rugosities; fenmra smooth, 
bidentate ; tibiae compressed not quite to middle. 

Black ; cheeks and mandibles pale marked ; anterior legs have 
a tendency to become brownish. Wings slightly infuscate. 

Length 21-*30 mm. 

Habitat ; Brazil ; Colombia ; Kansas, TJ.S.A. 

This species resembles 8* niger Brnitb, but has the posterior 
margin of /head reflexed, face arcuate rugose, mesonotum punctate, 
net rugose, and longer petiole. 
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33. viLLosus Kieff. 

Stephanus villoaus Kieffer (1), p. 4* $ J . 

$ . Face and froiis irregularly and coarsely rugose, space 
between the tubercles strongly impressed ; vertex with three 
arcuate transcariiue ; occiput coarsely and densely longitudinally 
rugose; posterior margin of hea.<l produced into a broad 
horizontal translucent collar. Second flagellar joint two and a 
half times as long as first, third more than twice as long as first 
and second together and about two and a half times as long as 
second. Prothorax coarsely and rather diffusely trnnsrugose, 
basally more sti’ongly and more diffusely. Mesonotum smooth, 
with median line of punctures and laterally trnnsrugose ; 
scutellum with two anteriorly coiivei’gent irregular rows of 
{junctures and slightly rugose, anterior lobes diffusely punctate. 
Me8<){)leura) white {albescent, the im{>re68ed part transriigose. 
Meta pleurae and median segment with large and partly confluent 
{junctures, former white pubescent. Petiole finely trans-stria te, 
alx)ut as long as rest of abdomen, wdiieh is basally striate. Terebra 
as long as body, sheaths black, white-handed before apex. Hind 
legs with coxa? finely trans-striate, as long as tlie bidentate 
femora ; the tibiie longer than femora, constricted in basal 
third and compressed beyond middle ; tarsi three- jointed, with 
long grey {jubescence beneath. 

Sliiniug black ; head evcie{it apices of mandibles, scape, and 
second joint of hind trochanters red ; anterior legs black-brown. 
Thoifix and legs with long, sfiarse, whitish pilosity, the hairs on 
raeso- and meta-pleurae inseit-ed on granular prominences. 
Wings hyaline. 

J^ength 16 mm. 

. Similar to J , but second flagellar joint not twice as 
long as first; third shorter than first and secoml together. 
Mesonotum red-brown ; hind tarsi five-jointed, red, less densely 
pubescent beneath ; genital orgarus testaceous. 

Ijength 12 mm. 

Habif^it ; Jataney, Prov’. <tovaz, Brazil. Coll. M. de Saule. 

The unusual proportions of the basal flagellar joints in ^ are 
ve !‘y charj icteri st i c. 

34. lUTFOFEMORATUS 8zepl. 

Stephan as rafofemoratus Hzepl., {i. 532, cf . 

J . Frons coarhely rugose, vertex transriigose, occiput coarsely 
rugose; posterior nuirgin of hea^l bordered. Flagellar joints 
normal. Neck rugose, semiannular smooth, difliisely {uinctate. 
Mesonotum coarsely punctate, shining; scutellum smooth and 
shining. Mesopleurse closely punctate and shining. ^Median 
segment diffusely and coarsely punctate and shining. Petujle 
only basally rugose, remainder smooth and shining, as long ns 
rest of abdomen. Hind legs with coxa* shining, diffusely rugose ; 
femora smooth, bidentate; tarsi five-jointed. 
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Black ; legs from femora red ; basal half of hind tibice black. 
Wings brown, centmlly darker; hind wings with indications of 
cubital and radial uervures. 

Length 22 mm. 

Habitat : Eubiana, New Georgia, Solomon Islands. Type in 
the Hungarian National Museum, Budapest. 

Easily distinguished by the smooth petiole and red femora . 

This species clos^dy resembles S» riihripes Morley, from which 
it differs in the smooth petiole, proportions of basal flagellar 
joints, tl)e sculpture of semiannular, mesopleuraj, and hind coxob. 

35, COMMA Morley. 

Stephanm comma Morley ( 1 ), p. 105, 6 . 

(5 , Head semicircularly rugose in front, trans-sulcate below 
scrobes. Tubercles small and tmnsverse ; vertical carina 
prominent; occiput traiis-striate ; posterior margin of head 
truncately bordered. Antennae very slender and elongate, 
21 mm., second flagellar joint half as long again as first, third 
half as long again as second, shorter than first and second 
together. Thoinx superficially but confluently punctate, the 
rather short prothomx transcarinate, its posterior margin smooth. 
Scutellum smooth, the basal sulcus crenulate. Me^opleuriie 
longitudinally bisulcate; metapleuraa rugulose, bisulcate above. 
Petiole minutely transaciculate and apically explanate, shorter 
than rest of abdomen, which is finely alutaceous and somewhat 
shining. Hind coxce (4 mm.) rather shorter than femora (5 mm.), 
which are hideutate, wdth four small teeth before the central tooth 
and another beyond it. Lower nervure of external median cell 
in fore wing deflexed in the form of a comma at base, a{>ically 
wanting ; hind wing with costal nervure only, emitting a slight 
spurious nervure from its apex below the three frenal hooks. 

Black ; head except apices of mandibles, the tubercles and the 
occiput centrally, base of antenna?, second and fourth segments 
laterally hasally, wdiole of thinl segment, anterior legs except 
coxae, and apical third of hind femora including the teeth bright 
brick-red. Hind tibiae basally black, reliquae desunt. Wings 
slightly inf innate hyaline ; stigma and nerviires black ; costal and 
external submedian cells conspicuously darker. 

Length 27 mm.; abdomen 18 mm.; petiole 8 mm. 

The type was taken by Dr. W. M. Graham “ in forest on 
trunk of tree” at Pbuasi, Ashanti, on 29 May, 1907. In coll. 
British Museum. 

36. PiLOSUs Elliott ( 4 ), p. 256, 6 . 

(S . There are sparse white hairs on tlie head, longer anti 
denser on the petiole and apex of abdomen. The pleuraB are 
covered with dense white pilosity, and on the legs, the hairs, 
though less dense, are longer and more conspicuous. Frons, 
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vertex, and occiput strongly arcuate rugose ; one strong carina 
between the posterior ocelli and two behind them ; ocellar space 
depressed. Posterior margin of head broad and slightly reflexed. 
'Cemples with a few setiferous punctures. Second flagellar joint 
fully twice as long as first; third a little longer than second. 
Prothorax transcarinate, semiannular smooth and laterally hairy. 
Scutellum centrally smooth, lateral lobes coarsely rugose-punctate. 
Metapleura3 and median segment cribrate punctate, separated by 
a strong carina, which is anteriorly somewhat rugose, posteriorly 
smooth and shining. Petiole trans-striate, basally more coarsely, 
shorter than rest of abdomen, which is smooth. Hind coxes 
stout, coarsely transrugose ; femora smooth, bidentate, the teeth 
long and acuminate; tibiao as long as femora and trochanters, 
strongly compressed in basal third. 

Black ; head, scape, base, and ajiex of anterior femora red ; 
frontal tubercles apically black. Wings faintly iridescent ; 
fore wings centrally, hind wings apically infusctite ; stigma and 
nervures black-brown. 

Length 22 mm. ; abdomen 14^ mm. ; petiole 6 mm. 

Habitat : Palaboehan, Ratoe. M. E. Walsh (ex Frisby), 22 Feb., 
1916. Type in coll. Claude Morley. 

In the coarse sculpture and conspicuous pilosity, this species 
much resembles aS. villosus Kieft', 

37. Ruoosus Elliott (4), p. 256, S . 

cJ . Frons arcuate rugose ; vertex and occiput with strong 
longitudinal carinse, occiput regularly, vertex less regularly 
arcuate striate ; three strong cariiije behind posterior ocelli. 
Posterior margin of head bordered. Cheeks slightly shorter 
than scape, smooth. Basal flagellar joints normal. Neck trans- 
carinate, semiannular smooth, with a few punctures. Propleur«e 
finely trans-striate. Mesonotum apically smooth, central row of 
punctures distinct, the smooth space on each side with a single 
puncture before and behind, laterally strongly punctate, 
separated from scutellum by two oarinsD. Scutellum centrally 
smooth, laterally strongly rugose-punctate. Metapleurj© and 
median segment cribrate punctate, separated by a strong carina . 
Petiole strongly transrugose, shorter than the remaining smooth 
segments. Hind coxss coarsely trans-striate; femora smooth, 
bidentate ; tibia3 slightly longer than femora, compressed to 
middle. 

Black ; head, except apices of mandibles, and apex of thorax 
above red ; anterior legs more or less rufescent. Wings hyaline. 

Length 16 mm. ; abdomen 10 mm. ; petiole 4^ mm. 

Habitat: Java; Preanger Regency, near Seekoboemi. M. E. 
Marsh, 1918. Type and co-types in coll, Claude Morley. 

This species bears a suiierficial resemblance to both S, unicolc^ 
Schlett. and S. duc<dia Westw., but differs considerably in 
sculpture. 
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38. VIOI 4 AOBIBENNIS Cam. 

Megwchui violcbceipenma Cameron (2), p. 225, $ . 

“Niger; pedibusrufie; coxis, trochanteribiis, femoribus posfcicis 
basique tibiarum posticarum nigris; alis fusco-violaceis, nervis 
nigris, 5 , 

Long. 24 mm. 

Antennse black, slender. Front riigosely punctured above; 
the sides above stoutly obliquely, the loivbr part transversely 
striated, the ocellar region irregularly reticulated, the keels above 
them mostly curved; above the reticulated upper portion are 
four long curved keels, the vertex behind them is irregularly 
rugosely striated ; the ocellar region is distinctly depressed ; the 
three tubercles form a triangle. The base of the pronotiim is 
smooth and shining ; behind on the sides are two stout carved 
keels; the rest of the pronotum is opaque and irregularly trans- 
versely striated. The base of the mesonotum is smooth and 
shining, the rest of it bears mostly large and deep punctures, 
except a space on either side of the centre; on the sides and 
base the punctures tend to become confluent. Scutellum some- 
what triangular in shape, smooth, shining and impunctate. 
Median segment closely, stoutly irregularly punctured ; behind, 
the punctures run into reticulations. Propleurse smooth and 
shining; the luesopleurce opaque, irregularly punctured, and 
striated; the metapleurte rugosely punctured. The four front 
legs are rufous, with the coxse darker ; the hinder black, except 
the apical two-thirds of the tibife and the tarsi, which are rufous 
at the base, blackish towards the apex ; the hind coxre are, es 
usual, irregularly striated ; the two teeth on the hind femora are 
acute ; the apical one is longer and narrower than the hinder. 
Wings fusco- violaceous ; the nervures and stigma are black. 
The j>etiole is longer tlian the I'est of the aMomen united ; it is 
opaque and closely striated. The ovij)o«itor is annulated with 
white and is not quite as long as the body. The recun'ent 
nervure in the fore wing is interstitial.” 

Habitat: New Britain (Dr. Arthur Willey). Type in Cam- 
bridge Museum. 

Said by Cameron to be very like his aS'. froggattii^ but, in the 
absence of details as to the posterior border of head and relative 
length of the basal antennal joints, 1 am unable to place it 
definitely in my table. 

Parastephanellus Enderl. 

In the (2) Zool. Anz. xxxiii. pp. 453-475, Dr. Gunther 
Enderlein erects a new subgenus, ParasUpUanus^ which he 
defines as having that part of the median nei*vure beyond the 
outer submedian cell obsolete, and the cell consequently open 
behind, the size of the discoidal cell and the breadth of the 
stigma being variable. He thus includes species from the Indo- 
Australian and Neotropical Region s. 
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In the (4) Btett. ent. Zeit. 1906, p. 301, the name is altered to 
ParastephamUua^ ParasUphani(,8 being preoccupied by Haeckel 
for Protozoa. The apparently constant difference between the 
relative sizes of the discoidal and cubital cells and of the stigma 
in the above-named two regions led to a further subdivision, 
removing the Neotropical species to a new subgenus, HeniisU- 
phamm, 

ParmtsphamUua, confined to the Indo- Australian Eegion, has 
the discoidal cell petiolate and only about one-fourth as large as 
the cubital cell ; the radius does not extend to the margin of the 
fore wing, and, as a rule, the stigma is short and broad. The 
sheaths of the terebra are black, except in No. 6, in which they 
are rufescent. 


TahU of Species. 


(6.) 1. Hind feiuoni tridentate. 

(3.) 2. Length Xo-20 niui. Hcu<l red, apical abdominal segments dull. 

1. martini Stiwllm. 

(2.) 3. Length 7-8 mm. 

(5.) L Head black, proiiotum trail srngose ; median segment with 

large diffuse pimctuivs 2. or£»i^a/ta Brues. 

(4.) 5. Head rufescent, white-marked ; prouotum glabrous ; malian 

segment without visible sculpture 3. glaber Elliott. 

(1.) 6. Hind femora bidentate. 

(16.) 7. Petiole distinctly shorter or lunger than rest of ubdoincii. 

(18.) 8. Petiole distinctly shorter than rest of abdomen. 

(10.) 9. Ycdlow-browu, Frons finely punctate, mesonotum rugose. 

4. jyggmetm Euderl. 

(9.) 10. Black. 

(12.) 11. Frons evenly trans-striate ; neck smooth, terebra longer than 

body .... . , o. IttvicollU Morley. 

(11.) 12. Frons subarcuate striate, centrally granulate; neck trans- 

strinte ; terebra shorter than btaly ... 6. Elliott, 

(b.) 13. Petiole distinctly longer than rest of abdomen. 

(15.) 14, Frons puurtate, occiput trausrugose ; mesoplettne smooth, 

stigrrm black 7, maculifrons Cam. 

(11 ) 16. Frons transrugose, occiput finely trans-stnute ; jm‘sopleurKj 

trans-striate, stigma pale .... 8. elnrneus Morley. 

(7.) 16. Ptdiolc about same length us rest of abdomen. 

(20.) 17. White line on face lielow eyes. 

(19.) 18. Th(* two posterior frontal tuliercles subob^^olete ; posterior 
luurgin of head bordered ; anteunin long and slender. 

9. damellicm Westw. 

(18) 19. All frontal tubercles prominent; posterior margin of bead 

simple ; antenna* short 10. pictipes Roman. 

(17.) 20. Head otherwise inarkeil. 

(26.) 21. Frons arcuate striate. 

(28.) 22. Stigma very short. H('ad ochre-yellow; prouotum trans- 

striate 11. hrevittigma Eiulerl. 

(22.) 23. Stigma normal. 

(25.) 24. Frons closidy .subarcuate striate; prouotum trans-striate. 

12. palJiditarsis Cam. 

(24.) 25. Frons strongly arcuate striate; pronotnui smooth. 18, 9eitus Elliott. 

(21.) 26. Frons not arcuate striate. 
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(28.) 27. Frons trans-striate ; intertubercular space unusually long. 

14. olarivennis Cam. 

(27.) 28. Frons rugose. 

(82.) 20, Frons rugose punctate. 

(81.) 30. Neck of pronotum strongly trans- striate ; median segment 

punctate 16. nrfb-ornatus Cam. 

(so.) 81 . Neck longitudinally striate; median segment reticulate rugose. 

IH. rubripiefus Elliott. 

(20.) 82. Frons rugose but not punctate; metapleur® smooth ; median 

segment diffusely punctate 17. malayanns Cam. 

1. MARTINI Stadlm. 

Stephens martini Stadelmann (1), p. 236, ? c? • 

$ . Frons traiisrugose, coarsely punctate below ; occiput 
coarsely transrugose; ])osterior margin of head sharply bordered. 
Basal flagellar joints normal. Neck coarsely and obliquely 
rugose; seiniannular coarsely punctate with polished posterioi’ 
margin. Mesonotum diffusely punctate. Sciitellum smooth, 
with a few diffuse marginal punctures. Mesopleuwe shining, 
apically punctate ; metapleurie densely punctate, separated by a 
deep and shining sulcus from the coarsely cribrate-punctate 
median segment. Petiole basally longitudinally, apically trans- 
versely rugose, and as long as the remaining segments together; 
apicfil segments dull. Terebra very little longer than body, 
sheaths entirely black. Hind coxae transrugose ; hind femora 
finely trans-striate and tridentate ; tarsi three-jointed. 

Black ; head, scape, and first flagellar joint red ; anterior legs 
nigro-fuscous ; all tarsi testaceous. V/ings subhyaline, 

tS . Similar to $ . Nigro-fulvous, head red, antennae basally 
red, apically nigro- ferruginous ; base of hind femora ferru- 
ginous; tarsi five-jointed. Length, 17-20 mm.; c^, 15 mm. 

Habitat : Dele, Sumatra, Named after the captor, Hofrat 
Dr. med. L. Martin. Type in Berlin Museum. 

Stadelmann states that this species closely resembles S, sulci- 
frons Sclilett., which has the neuiTition of the subgenus ISUphanus ; 
he states also that the neuration is complete, but his figure 
{L c. pi. 6. fig. 4) shows the external submedian cell behind 
as in Parastephanellus, 

Other differences are said to be: the sulcus on vertex indistinct 
in $ , wanting in d ; third flagellar joint longer, petiole longer 
and more coarsely sculptured ; hind femora trans-striate and 
tridentate, but smooth and bidentate in siddfrons. 

Easily known by the tridentate hind femora and large size, 

2. ORBiTALis Brues, 

Parastephanellus orbitalis C. L. Brues, p. 98, d • 

d, Frons and vertex centrally transrugose; cheeks longer 
than scape; posterior margin of head bordered but not reflexed. 
Basal flagellar joints normal. Pronotum transrugose, the 
rugosities extending obliquely to the pleurie ; a punctate area on 
each side before the smooth posterior margin. Mesonotum 
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fiparsely foveate punctate, with punctate median line ; Bcutellum 
smooth, with coarse lateral punctures. Mesopleur® pubescent in 
front, smooth and shining behind ; metapleursa irregularly 
rugose. Median segment with diffuse, large, and shallow 
punctures, separated from the metaplem*8B by a smooth sulcus 
and a reticulate ridge. Petiole two-tliirds as long as thorax, 
trans-striate above, irregularly rugose laterally and below ; 
remaining segments polished. Claspers short, basally smooth, 
apical half punctate and hairy, apex rounded, with dense fringe 
of short halt's. Hind coxte trans-striate, with a smooth area 
externally near the base. Hind femora tridentate. 

Black ; face to just above antennie and inner orbits narrowly 
pale yellowish, outer orbits more widely above white. IJalpi and 
antenuse piceous, base of flagellum fuscous ; propleune below' 
rufous ; front legs anteriorly brown-yellow ; all knees and apices 
of tibiae are whitish, all tarsi honey-yellow. Wings slightly 
infuscate; stigma about half as wide as radial cell, petiole of 
discoidal cell short. 

Length 7-8 mm. 

Habibit ; Fulkora, Solomon Islands (F. W, Mann). Type and 
paratype in the Museum of Comparative Zoology at Harvard 
College, U.8.A. 

The black head and the sculpture of pronotum and median 
segment will distinguish this species from the only other of 
similar size w ith triclentate hind femora (glaher Elliott). 

3. GLABER Elliott. 

Para 8 te 2 )hanellu 8 glaher Elliott (2), p. 129, J . 

$. Frons arcuate rugose, vertex strongly transrugose, 
occiput becoming gradually smoother towards the slightly raised 
posterior margin, and w'ith distinct longitudinal impression : 
Carina) between the posterior ocelli very inconspicuous, scarcely 
to be distinguished from the transverse striae ; anterior frontal 
tubercle very prominent. Clieeks shorter tlian scape : basal 
flagellar joints normal. Prothorax glabrous. Neck rather short ; 
mesoiiotum sinootli ; scutellum wntli marginal punctures only ; 
pro- and meso-pleuvie very finely alutaceous, metapleurae almost 
smooth and median segment with scarcely any visible sculpture. 
The pleurae, abdomen beneath, and the legs with erect white 
hairs. Petiole very finely trans-striate, slightly longer than rest 
of abdomen, which is smooth. Terebra longer than body, 
sheaths black. Hind legs with cox© finely trans-striate, femora 
smooth, tridentate ; tibiae compressed to middle. 

Black ; head rufescent, with white line under eyes as in 
P, davmlUma Westw. ; a testaceous mark on frons just below 
the anterior tubercle, which is pale rufescent. Legs rufescent, 
base and apex of tibiae paler and all metatarsi wdiitish. 

Length 8 mm. ; abdomen 4| mm.; petiole 2| mm. ; terebra 
11 mm. 

Habitat : Singapore. “ F. Sm. Coll.” 
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The almost entire absence of visible sculpture is characteristic. 

’The colour of head and legs and the sculpture will easily 
distinguish orbiiaiis Brues, which is the only other species of 
similar size with tridentate hind femorti. 

4. PYGMiEus Enderl. 

^Stepfmmis pygmicms Enderl. (1), p. 197, $ S* Parastepfig- 
nellus pygmoius Enderl. (2), p. 472 tt seqq , ; (4), p. 289 et seqq» 

5 6 . Frons extremely finely and densely punctate ; all five 
frontal tubercles acuminate, the posterior pair smaller ; vertex 
and occiput obsoletely transaciculate ; posterior margin of head 
sharply ^bordered. Antennm very slender, second flagellar joint 
scarcely one and a half times as long as first ; third shorter than 
first and second together. Neck almost smooth, its j)ostei‘ior 
margin polished. Mesonotum rugose ; scutclhini polished 
smooth ; metanotum (the small visible part of the true meta- 
notum) longitudinally striate. Mesopleurne smooth, pubescent, 
diffusely punctate in front only ; inetapleurae coarsely and 
deeply rugose, separated by a shining smooth space and a iwv of 
punctures from the densely punctate median segment. Petiole 
finely rugose and shorter than tlie remaining segments together. 
Terebra about two- thirds of the length of body; spicula red- 
brown, slieaths entirely blac'k. Legs covered with fine erect 
hairs, bind femora bidentate. 

Vellow-broAvn ; apiciil two-thirds of nu tennae, apex of man- 
dibles, ineso- and ineta-tborax, pleurre and median segment 
darker, yellow-brown to black-brown. Wings hyaline, external 
submedian cell infumate ; stigma sliort and broad, dark brown. 

Length, $ , 7-8 mm. ; cf , 5-7 mm. 

Seven d d Rod 3 J $ in Berlin Zoological Museum ; collected 
by Nicholitz at Milne Bay, New Guinea. 

Dark specimens of the present sj^ies greatly resemble lighter 
ones of F, damellimis Westw., also from New Guinea, but are 
easily known by tlie shorter and broader stigma, infumate spot 
in wing, shorter petiole, and, in $ , shorter terebra. 

5. LiEvicoLLis Morley. 

Farastephanelhis htivicollis Morley (1), p. Ill, $ 8. 

5 . Head finely and evenly trans-striate ; veiiiex coarsely 
transcarinate ; posterior margin of head bordered ; cheeks smooth 
and a little longer than scape. Second flagellar joint half as 
long again as first ; third half as long again as second. Neck 
very short and smooth, semiaimular smooth, with a few fine 
punctures, as is also the mesonotum. Scutellum quite smooth 
and separated from mesonotum by crenulated lines. Mesopleurae 
and metapleurae obsoletely shagreened, not punctate, the latter 
separated from metanotum by a basally obsolete carina. Median 
segment centrally smooth, apically rugulose, and basally with a few 
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large punctures* Petiole very finely ti ansaciculate, shorter than 
the remaining segments, which are smooth; second segment 
basally somewhat elongately attenuate. Terehra longer than 
body, sheaths entirely black. Hind coxae transaciculate, their 
femora smooth with a few setiferous punctures, bideutate; tibiio 
longer than femora, constricted to middle. 

Black; antenme and palpi infuscate; base of antennte, 
mandibles except apices, clypeus and frons fulvous; face and 
whole external orbits and all tarsi whitish. Wings hyaline, 
stigma and nervures piceous. 

S difters in having the whole head except the whitish external 
orbits dull red ; base of occiput nitidulous ; basal flagellar joints 
longer, though in the same proportions; propleurse dull testa- 
ceous ; anterior femora and tibiae piceous. 

Length 9 mm. ; abdomen 5 mm, ; petiole 2 rum. ; terehra in 
$11 mm. A single pair, now in British Museum, taken in the 
Ding-Ding Island in the Indian Ocean during 1896 and 1900. 

6. ALBICEPS Elliott. 

FarmtephamUus albiceps Elliott (2), p. 130, J . 

J . Frons subarcuate striate, the strioj broken into granules, 
vertex and occiput finely granulate striate ; second flagellar joint 
one and a half times as long as flrst, third slightly shorter than 
first and second together. Pronotura very finely trans-striate 
throughout, neck very short; mesouotum subglabrous; scutellum 
normal ; propleurae finely, obliquely striate ; mesopleurte aluta- 
ceous; metapleiirm punctate, sepfirated by a deep crenulated 
sulcus from the alutaceous ami punctate median segment. 
Petiole trans-striate, shorter than the rest of the smooth 
abdomen. Terehra rather shorter than body, rufescent, apically 
black. Hind legs with coxso trans-striate, femom finely 
alutaceous, bidentate ; iib'm compressed to middle. 

Black ; mandibles basally ttavous, all orbits broadly white ; 
antenna) bjisally, anterior legs except mitldle coxte rufescent, hind 
tibiie and tarai much paler. Wings hyaline ; stigma and 
nervures brown. 

Length 9^ mm. ; abdomen 5^ mm. ; petiole 2k mm. ; terehra 
8.J mm. 

Habitat : Victoria, Australia. R. E. Turner, 1907. 

Easily known by the extremely broadly white orbits. 

7. MACULIFRONS Cam. 

Me^iseleus viaculifrom 1902, p. 82, d • 

cj . Frons closely punctata^ l^^rtex and occiput transrugose ; 
posterior margin of hea<i Second flagellar joint twice 

as long as first, third shorter raan first and second together. 
Prothorax short, nearly smooth and shining, neck with a 
transverse carina ; mesothorax closely and finely punctate, dull ; 
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scutellum smooth. Mesopleiiiw nearly smooth ; metapleura) 
traiisrugose^ separated by a sulcus from the cribrate-punctate 
median segment. Petiole trans-striate, longer than rest of 
abdomen, which is feebly shining, discally depressed. Hind legs 
with COX 00 trans-striate above ; femora alutaceous, shining, 
bidentate ; tibiae constricted to beyond middle. 

Black ; head red, upper part of frons, the vertex, and occiput 
black, with a broad red mark behind the posterior ocelli ; outer 
orbits yellowish; scape and basal flagellar joint rufous. Wings 
subfuscous, nerviires black. 

Length 12 mm. 

Habitat: Baram District, Low Country, Sarawak. Robt. 
Shelford. Type in British Museum. 

The peculiar generic name ** Megiselem^^ appears to be a 
printer’s error. If the writing were indistinct, the “ ch ” might 
easily be mistaken for “ ele.” 

8. EiuiRNEUs Morley. 

ParastephmielUis ehurneus Morley ( 1 ), p, 35, $ cf . 

5 . Frons rugose, trans-striate. The three anterior frontal 
tubercles acuminate, front one longest and recurved ; postei’ior 
pair smaller and rounded. Occiput finely trans-striate. Posterior 
margin of head bordered. Second flagellar joint one and a half 
times as long as first; third shorter than first and second 
together. Neck short, smooth, and shining; semiannular finely 
rugose. Mesopleurje obsoletely trans-striate and dull ; meta- 
pleurje smooth and shining, separated by a deep sulcus from the 
median segment, which is smooth, with large, difluse punctures. 
Petiole with basal half finely trans-striate, longer than remainder 
of abdomen, whicli is dull and obsoletely punctate. Terebra 
shorter than body, sheaths black. Hind legs witli coxce obsoletely 
transaciculate ; femora nearly smooth and shining, bidentate; 
tibise compressed to middle. 

Black ; face, clypeus, mandibles except apically, and a streak at 
the inner orbits testaceous white ; a bioad stripe from base of 
mandibles to near occiput ivory-white ; scape and basal flagellar 
joint testaceous; base and apex of intermediate tibiie white. 
Wings clear hyaline, .stigma pale. 

Length 6 mm. ; terebra 5 mm. 

S . Similar to 2 ; petiole piceous, genital valvulaj testaceous. 

Length 3jJ mm. 

The $ was taken by 0. 8. Wickwar at Candy, Ceylon, Feb. 
1910; the <J by Green, on a leaf infested by a Coccid, Hemi- 
chiona^pis hrasiliensis^ at Pradenula, Ceylon, June 1909. Types 
in British Museum. 

Similar to the Australian P. rufo-oniatua Cam,, i , but the 
petiole is longer, the sculpture of median segment is different, 
and the coloration is very distinctive. 
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9. LAMELUCUS Westw^ 

Stephanm damelUcu$ Westw. (6), p. 126, pL xxiv. fig. 
Schlett., p. 116, $ . Hemiatephanus dainellicua Morley (1), p. 112, 
Paraatephanellua d» (2), p. 29, $ . 

Westwood*#! original description is as follows : — 

“Niger; capite et antennarum basi piceo-rufis; podunculo 
abdominis pedibusque rufis ; capite antice trituberculato verticeque 
Carina parva trans versa instructo, linea tenui alba utrinque sub 
oculos; antennis gracillimis, pone nie<lium fuscis; collari trigono- 
triinoato, collo l#evi, metanoto basi serie striolarum brevissimarum 
notato, pedunculo abdomen longitudine sequanti, transversim 
laBvissime sbiiolato; abdomine ovali nitido, oviductu longitudine 
caput et corpus totum lequanti ; pedibus posticis crassis, coxis 
elongatis transversim carinatis, femoribus clavatis, subtus sermtis 
dentibiisque tribus majoribus armatis ; tibiis pone medium subito 
(lilatis ; tarsi posticis .S-articulatis ; alis hyalinis venis distinctis 
nigris, stigmate nigro basi liitescenti. — Ifab, Austral. In Mns. 
Hopes no Oxonite. 

“The mandibles are robust, their inner margin (seen from 
above) has two obtuse teeth, seen laterally they are more 
irregular. The marginal cell is slightly open at the tip, the vein 
forming the hinder margin of the incomplete second submarginal 
cell is abbreviated, and the second discoidal cell is incomplete, 
the vein forming its hinder margin being obsolete. 

“Species proxima Stsphanua hmnatipoda Montroiizier, Ann. 
Soc. Agric. Lyon, T. vii. 1, p. 113. Hah, Woodlark Island.’* 

Having examined the beautifully preserved type, I am able to 
correct and complete the above description. 

Frons anteriorly rugose -punctate, transrugose above, vertex 
with a very conspicuous transverse carina, behind which the 
liead is arcuate rugose, becoming trans-striate towards the 
strongly bordered posterior margin. The three anterior tubercles 
very prominent, the two posterior sulx)bsolete. Antenna) very 
slender ; basal flagellar joints normal. Neck smooth, semiaimular 
transrugose. Mesonotum coarsely but liot closely rugose- 
punctate; metanotum (the small strip visible) longitudinally 
striate. Mesopleurte finely punctate ; metapleuite punctate and 
separated from the rugose median segment by a line of 
punctures. Petiole finely striate throughout, slightly shorter 
than remainder of abdomen, which is smooth and shining. 
Terebra slightly shorter than body. Hind legs with coxae strongly 
trans-striate; femora bidentate; tibifie compressed to slightly 
beyond the middle. Black ; the anterior tubercles and the carina 
on vertex are bright red, remainder of head and base of antennae 
dull red, with a broad white line on each side, starting from the 
posterior margin, passing under the eyes, and meeting over the 
mouth. Neck of pronotum, mesonotum partly, petiole, and legs 
red. Wings hyaline, stigma rufescent, basally paler, nervui’es 
black. 
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Length 8^ mm.; abdomen 6 mm.; petiole 2 mm.; terebra 
8 mm. 

I’he “Carina parva traiisversa” is unusually large, and its 
bright red colour makes it very conspicuous. The small visible 
portion of the true metanotum is longitudinally striate, but the 
median segment is rugose. The hind femora are furnished in 
the anterior half beneath with two comparatively long and very 
sharp spine-like teeth, and can only be called bidentate. There 
is a slight blunt projection near the l>ase, more pronounced on 
the right femur than on the left, but these do not count as teeth. 
The white line on the head, extending, as one might say, from 
ear to ear, is very characteristic. 

Enderlein ((1), p. 196) describes both sexes of a PartMte- 
pha/ndlus, which he considers to be identical with the present 
species, differing in colour only. The neck coarsely longitudinally 
striate, the semiannular slightly rugose in front, smooth behind ; 
the petiole as long as remainder of abdomen and apieally smooth. 
No mention is made of the conspicuous carina on vertex, nor of 
the white line on head, also petiole and legs are differently 
coloured. They are closely-allied species, but that of Westwood 
comes from Australia, whereas Enderlein’s was taken in New 
Guinea, Bismarck Archipelago, and Borneo. For this species — 
riihripictus Elliott — see p. 759. 

The measurements given by Westwood in lines are approxi- 
mately correct, and the petiole, remainder of abdomen, and 
terebra appear to be ©f equal length. Accurate measurements 
show slight differences, which may be ignored for purposes of 
identification, as in my table. 

The present species is closely allied to, and may even bo 
identical with P, pictipes Roman. 

The British Museum has of this species 7 9 5, taken by 
R. E. Turner at Mackay, Queenlsand, and 1 J from the Svun 
River. . They vary in size from 6^ mm., terebra 7 to 13 mm., 
terebra 14^ mm. The only difference from the type is in the 
slightly longer terebra, which is shorter than the }K)dy in the 
type but longer in these. I do not consider this sufficient to 
create a new species. 

10. PICTIPES Roman. 

Parastepha/nellits piciipes Roman (1), p. 1, $ . 

9 . Head seen laterally scarcely higher than long. Frons 
strongly but scarcely transversely rugose ; the five tubercles rather 
prominent but obtuse, the vertex behind them furnished witli a 
short carina ; occiput towards base more coarsely and more 
transversely striate, with indistinct longitudinal impression; 
posterior margin of head emarginate, not bordered. Antenna 
short, scarcely reaching beyond thorax, 23-jointed; pedicellus 
sub-elongate, half as long as scape ; first flagellar joint scarcely 
longer than scape, second one and a half times as long as first ; 
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third and fourth of equal length and little longer than eecond. 
Thorax sub-depressed, pronotum closely and finely trans-striate, 
neck apically deeply emarginate and bifoveolate* Mesonotum 
coarsely rugose-punctate, with anterior central longitudinal line 
of punctures, a strongly crenulate l^e before scutellum, which is 
rugose, apically subglabrous, alutaceous. Mesopleutie tumid, 
scabrous, with broad and smooth posterior margin ; metapleurse 
prominent, irregularly scabrous. Sternum smooth and shining, very 
finely trans-striolate, the punctate mesolcus open behind. Median 
segment depressed, coarsely rugose-reticulate, basally laterally 
more finely sculptured. Petiole about as long as remainder of 
abdomen, centrally slightly incrassate, trans-striate, with smooth 
apical margin ; second segment half as long aa first, shining, 
microscopically reticulate ; remaining segments transverse, third 
to seventh finely and closely trans-striolate, eighth exserted, 
coriaceous. Apical margins of ventral segments sparsely pale 
pubescent ; hypopygium apically compressed and subacuminate. 
Terebra shorter than body, sheaths black. Hind legs with cox® 
trans-striolate inside ; femora bidentate, reticulate, basally exter- 
nally smooth and shining ; tibiae reticulate, half as long again as 
femora, with a central, shining, acute-angled impression behind 
(? constricted to middle and there impressed). Wings extending 
beyond apex of petiole ; in fore wing, stigma nearly five times as 
long as its breadth, costa not extending beyond it; in hind wings 
the costa extends to vi itliin a third of the apex of wing. 

Black ; basal half of flagellum, a straight line on cheeks from 
base of mandibles, touching the eyes, to the temples — not reach- 
ing the posterior margin of temples — apices of coxsb, trochanters 
partly, extreme base and apex of anterior femora, anterior tibiae 
chiefly, posterior tibiae basally, and all tarsi red ; intermediate tarsi 
basally white. Wings liyaline, stigma and nervures black, former 
basally narrowly pale ; radix rufescent, tegulfe nigro-fuscous. 

Length 10-11 inrn.; terebra 9*5 mm. 

Tak(?n by Dr. E, Mjdberg’s Swedish Scientific Expedition to 
Australia, at Derby, Klimberley Division, West Australia, 
Oct. 1910. 

This is possibly a dark form of P. damellicua (Westw.), 
Enderl., as both have the same unusual streak of colour on the 
cheeks. But Westwood describes his species as having three 
large teeth on the hind femora, whereas the present species 
has only two. Enderlein (Arch, Naturg. 1901) describes a 
supposed damellicus Westw., from New Guinea, the Bismarck 
Archipelago, and Borneo, which has two femoral teeth but not 
the long pale streak on cheeks, and also difiers from pictipes in 
the sculpture of the pronotum. The present species is now the 
only Paraetephanellus in the Stockholm Museum; the nearest 
species with which it might be compared is the somewhat unlike 
Hemistephanus texanm Cresson. A detailed description has 
been given so that this species may in future be clearly under- 
stood. 

Pboo. Zool. Soc. — 1922, No. LI. 


51 
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Westwood’s incorrect description of his dametticm as having 
the hind femora tridentate has caused much confusion. The 
present species appears to differ chiefly in the five frontal 
tubercles being prominent, posterior margin of head not bordered, 
and pronotum somewhat difiierently sculptured. The peculiar 
coloration of the head points to close connection between the 
two, but I do not venture to synonymize them for the present. 

11. BREViSTiOMA Enderl. 

Parasieph4ineUu8 breviatigma Enderl. (3), p. 203, cf • 

cJ . Fi'ons finely arcuate transrugose ; the three anterior frontal 
tubercles acuminate, the two posterior flatly rounded ; vertex with 
three trans-carinee, the space between them polished ; occiput finely 
and closely trans-striate. Antennae slender and about 25-3ointed, 
Pronotum finely trans-striate, its lateral angles sharply trans- 
rugosG, posterior margin polished smooth, neck short. Mesonotum 
coarsely rugose-pun ctate ; scutellu m sm ooth . M esopleuraj sm oolh , 
very finely striate; metapleurao smooth, reticulately punctate in 
front above, separated by a row of deep punctures from the 
median segment, which is coarsely, but not reticulately punctate. 
Petiole slender, finely and irregularly transrugose, about as lorig 
as I’emainder of abdomen. Hind coxro finely trans-striate, often 
granulate ; femora bidentate. 

Head clear ochre-yellow, vertex slightly nigrescent ; apical 
two-thirds of antenna) brown ; prothorax ferruginous, posterior 
half black above; remainder of thorax, abdomen, hind coxa*, 
femora, and tibiae black. Base of second segment and whole of 
anterior legs ferruginous. Wings hyaline, faintly infuscate; 
stignja I mm. long, and, like the nervures, brown. 

Length 6*4 mm.; abdomen 3*9 mm.; petiole 1’9 mm.; fore 
wing 4*4 mm. 

Habitat: Hankau (Koshun), Formosa; 28th April, 1912. 
Type in Dahlen Museum. (H. Sauter.) 

1 2. PALLIDITARSIS Cam. 

MegiscMia palUditarsis Cam. (8), p. fiO, $ . M. ruficollia Cam. 
Z. c. p. 57, d . 

2 S . Frons closely subarcuate trans-striate ; vertex more 
finely trans-striate and occiput nearly smooth. Three frontal 
tubercles short and bluntly rounded in $ , more pointed in 6 . 
Posterior tubercles distinct, but broad and blunt. Posterior 
margin of head simple. A strong carina between the posterior 
ocelli and two smaller ones behind it. Second flagellar joint a little 
longer than first an<l about as much shorter than third. Pro- 
notum, pro- and meso-pleurm smooth ; scutellum smooth, with a 
few diffuse punctures ; the bordering furrows weakly crenulated 
in ? , smooth in cf . Metapleurae smooth in 5 , slightly aciculated 
in cf . Petiole closely trans-striate throughout, longer than rest 
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of abdomen, which is smooth. Hind legs with coxas closely ti*ans- 
striate, femora smooth and bideutate; tibi» constricted to beyond 
middle in $ , not quite so far in 6 . Terebra in $ longer than 
body. 

$ . Black ; head rufo-testaceous, outer orbits broadly white, 
propleurce and prosteinum rufous, base of second segment and 
the anterior legs rufo-testaceous ; middle tibias basally broadly, 
apically narrowly white; hind legs black. Front tarsi partly, 
middle tarsi entirely, and hind metatarsus except at apex white. 

c? . Similar to J , but head darker red, face and oral region 
pale ; prothorax entirely red, basal antennal joints paler, anterior 
legs testaceous, femora darker, hind legs black with knees rufous, 
constricted part of tibiie and all tarsi white. Wings, in both 
sexes, hyaline, nervures and stigma rufous in $ , darker, with 
pale base to stigma in cf • 

Ijength, 5 , 6 mm. ; abdomen mm. ; petiole 2 mm. ; terebra 
9 mm. Length, , 7 mm. ; abdomen 3^ mm. ; petiole 2 mm. 

There is no doubt that the two species of Cameron are J and 
5 of the same. His statement that the hind femora of M. rufi- 
collis are trans-striate is an evident mistake for coxae. There are 
few things more deceptive than the relative proportions of petiole 
and rest of abdomen. Cameron gives the petiole in this species as 
“twice longer'*; the actual measurements are 2 and ndm. 

Habitat: Kuching, Borneo. John Hewitt. Types in British 
Museum. 

13. sciTUS Elliott. 

Para8tephan$Uu8 acitus Elliott (2), p. 163, S • 

<S . Frons strongly arcuate striate, vertex and occiput trans- 
striate, posterior frontal tubercles sulwbsolete, two carinag between 
the posterior ocelli ; po.sterior margin of head bordered. Scape 
longer than cheeks ; second flagellar joint one and a half times as 
long as flrst ; third rather longer than second. Pronotum tiuns- 
striate, the extreme base smooth, neck sboit ; mesonotum finely 
punctate ; scutellum normal ; propleurae obliquely striate ; meso- 
pleurae smooth ; metapleurae coarsely punctate and separated by a 
sulcus fi*om the closely and finely punctate median segment. 
Petiole finely trans-striate, as long as rest of abdomen, which is 
smooth and shining. Hind coxae coarsely, their femora finely 
trans-striate, the latter somewhat strongly inflated, bidentate; 
tibiae compressed to a little beyond middle. 

Black; head dark red, antennae pale rufescent, becoming 
gradually darker towards the apex ; extreme base of pronotum, 
front legs, middle tibiae and tarsi, bind tarsi, and base of second 
segment rufescent. There is a scarcely noticeable paler line 
under the eyes. Wings hyaline, slightly iridescent; stigma 
rufescent, basally pale ; nervures blackish. 

Length 8 mm. ; abdomen 5 mm. ; petiole 2| mm. 

Habitat: Pusa, Bengal. (T. B. F.) 21.vi.ll. 


61 * 
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This is the first specimen of this subgenus I have seen from 
India proper, all the others being from more southern localities ; 
one from Ceylon, one from Ding-Ding Island in the Indian 
Ocean, and several from Borneo and Australia. It differs from 
all other males yet described in the sculpture of the head and 
hind legs, and in colour. 

The males are decidedly rarer than the females, and the mate 
of this species should be discovered ere long. 

14. CLABirENNis Cam. 

MegiHchua claripennis Cam. (8), p. 56, J . 

5 . Frons finely and closely tmnsrugose, vertex subarcuate 
striate, occiput finely striate, almost smooth behind. The anterior 
frontal tubercle longest, and separated from the next pair by a 
greater distance than these are from each other, the enclosed 
space being unusually elongate. Three carinao between the 
posterior ocelli, the front one strongest. Posterior margin of 
head strongly bordered. Second flagellar joint half as long again 
as first; third longer than second, but shorter than first and 
second together. Pronotum entirely smooth and shining; meso- 
notum shagreened, and with Jongifctulinal furrow; scutellum 
elongate and smooth. Propleurm smooth ; mesopleuige aciculate; 
metaplearsB obliquely striate. Median segment strongly reticu- 
late punctate. Petiole longer than rest of abdomen, closely 
trans-striate ; remainder of abdomen smooth. Terebra half as 
long again as body, sheaths black. Hind coxse closely trans- 
striate ; hind femora smooth, bidentate, their tibiae compressed to 
a little beyond middle. 

Black ; the outer orbits broadly, the anterior tarsi and the 
middle tibiae testaceous, hind metatarsus basally white; head 
rufo-testaceous, vertex blackish, four basal antennal joints pale 
rufo-testaceous ; the second segment basally rufous. Wings clear 
hyaline ; stigma and nervures almost black. 

Length 8 mm. ; abdomen 3| mm. ; petiole 2 mm. ; terebra 
13 mm. 

Habitat: Kuching, Borneo. Jolm Hewitt, B.A. Type in 
British Museum. 

15. RUPO-ORNATtJS Cam. 

Stephanua rufo-ornatus Cam. (5), p. 45, d . Parastephcmellus 
rufO'Ornatus Elliott (1), p. 92, cf . P. riifid-omatua Morley (1), 
pp, 35 et 112, 2 S . 

cf . Frons closely, rugosely, and almost reticulately punctate ; 
vertex closely trans-striate ; ai’ciiate strife between frontal 
tubercles, and a distinct central longitudinal sulcus on vertex. 
Second flagellar joint one and a half times as long as first. 
Pronotum short, finely and closely trans-striate. Mesonotum 
coarsely rugose; scutellum smooth, with two short lateral 
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impressions at apex, between which it is striate. Fro- and 
meso-pleuriB obscurely striate ; apical half of metapleurie 
irregularly reticulate. Median segment finely and closely 
punctate, apically centrally striate. Petiole finely and closely 
trans-striate, as long as rest of abdomen. Hind femora bi- 
dentate. 

Black ; a broad yellow line from base of antennso to beyond 
eyes ; mandibles pale yellow ; antennse, frontal tubercles, 
scutellum, apex of petiole, anterior legs, hind coxae partly, 
trochanters, apices of femora, the tibiae and tarsi rufous. Wings 
clear hyaline ; stigma fuscous, basally pale ; nervures brown. 
Abdomen from second segment sometimes red. 

Length 5-10 mm. 

$ . Similar to iS • Petiole slightly shorter ; terebra longer 
than body. 

Length 13-14 mm.; aMomen mm.; petiole 4 mm.; terebra 
15 mm. 

Habitat: d. BurnettRiver,Queen8land(ll.Semon); Kuranda, 
Queensland (Dodd), var. Kuranda, 1904. 5 . Mackay, Queens- 

land ; Swan River, West Australia. 

The J 5 , together with the (S 6 from Kuranda, are in the 
British Museum. 

Easily distinguished from P, hreviatigma Enderl. by the sculp- 
ture of metapleurw and median segment, and by the colour. 

16. RUBRIPICTUS Elliott. 

Stephximi^ darmllicm Enderl. (nec Westw.) (1), p, 196, 5 c? . 
Parastaphandlm rubripktiia Elliott (1), p. 129, 2 d . 

2 cf. Fi-ons rather coarsely rugose-punctate, laterally trans- 
rugose ; the three anterior tubercles very acuminate, posterior 
pair small ; vertex and occiput ti’ansrugose ; posterior margin of 
head sharply bordered. Antennae very slender; basal flagellar 
joints normal. Neck coarsely longitudinally striate ; semiannular 
feebly rugose, with polished posterior margin. Mesonotum 
diffusely and coarsely rugose-punctate, Scutellum centrally 
smooth, with marginal puncturation. Metanotum longitudinally 
striate. Mesopleiirae pubescent, finely and diffusely punctate; 
metapleurae separated by a row of punctures from the coarsely 
and reticulately rugose median segment. Petiole finely rugose, 
apically more or less smooth, as long as the remaining segments 
together. Terebra in 2 long as body, spicula red-brown, 
sheaths black. Legs finely pubescent ; hind coxae densely trans- 
rugose ; hind femora bidentate, their tibiae compressed almost to 
middle. 

Black; face, mandibles except apices, cheeks, 4 or 5 basal 
antennal joints, anterior legs and hind tibiae red-brown ; petiole 
and hind femora sometimes brownish or rufescent. Wings clear 
hyaline; stigma long and narrow, brown. 

Length, J , 11-12 mm. ; cJ > 6-11 mm. 
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Habitat : Milne Bay (Micbolitz) ; Bismarck Archipelago 
(Dr. Dahl) ; l^orneo (Grabowsky). 

This species is distinguished from all others in this subgenus 
by the long and narrow stigma; from P, pygmcms Enderl. it 
differs also in the longer basal flagellar joints and entirely hyaline 
wings. 

Enderlein (?.o.) considers this species to be merely a dark 
variety of P, dameUicus Westw. The sculpture of the pronotum 
is entirely different, the petiole and hind legs are black, the 
characteristic white line on face is wanting, and the stigma is 
longer and nsttrower. These points, taken in conjunction with 
the different localities, appear to justify me in regarding them as 
separate species. 

17, MALAYAN us Cam. 

Stephanua malayanus Cameron (6), p. 43, 2 • 

2 . Frons closely and coarsely transrugose ; vertex arcuate 
striate. Anterior frontal tubercle very large ; temples broad and 
inflated. Second flngellar joint half as long again as first. 
Pronotum striate at apex of bti&al fovea; propleurse smooth 
above, closely striate beneath ; mesopleurse nearly smooth ; ineta- 
pleuraB apically coarsely reticulate. Scutellum smooth, with 
large basal transverse fovea, from which two lines of foveate 
punctures run to apex. Median segment smooth, with large 
diffuse punctures. Petiole closely trans-striate, as long as 
remainder of abdomen. Terebra slightly longer than body, 
sheaths black. Hind coxae irregularly trans-striate; hind femora 
bidentate. 

Black ; outer orbits, front tubercle, face, frons, and scape more 
or less obscurely red ; anterior legs brown, their tarsi paler ; 
basal joints of hind tibiae testaceous. Wings clear hyaline; 
stigma and nervures black. 

Length 11 mm. ; terebra 12 mm. 

Habitat; Mankwari, New Guinea (May). 

Cameron states that this species much resembles P, macnlifrons 
Cam., from Borneo, but is more slenderly built, with hyaline 
wings and a fovea at base of scutellum, maculifrons having the 
wings inf innate, no fovea at base of scutellum. 

Hemistephanus. 

Enderlein (4), pp. 189 et SOL 

Dr. Gunther Enderlein defines this subgenus as having that 
part of the median nervure beyond the external submedian cell 
obsolete and the cell open behind; the discoidal cell almost as 
large as the cubital and always touching the submedian cell; 
stigma long and narrow. Type : H, inacrurm Schlett. 

This group, or subgenus, appears to be confined to South 
America, being at present known chiefly from Brazil, with a few 
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from Colombia, Peru, and Chili. It seems probable that this is 
not the true distribution, or rather, that they are spread through- 
out the whole of the warm parts of the Bouthem Continent, their 
apparent absence being due to the absence of collectors. 

The males are poorly represented, only 6 out of 17 species here 
recorded being known in that sex. Szepligeti briefly mentions 
S, (II,) vmstenii, 6 , stating merely “ S , tarsi four-jointed, meta- 
tarsus brown ” (p. 634). The statement that the hind tarsi are 
four- join ted is repeated with respect to several other species, and 
seems inexplicable, seeing that he correctly gives others as five- 
jointed. 

As? a general rule, they are black insects with red head and 
nearly hyaline, or evenlj’^ infuscate wings. The known exceptions 
are: II, marginalia Schlett. with black head, and II, mOiCul^yennis 
and snhmac'^atm Westw, w’ith centrally darker wings ; the types 
of the two last are in the British Museum. 

Roman works out this .snbgenus in (2)Jargely based on material 
collected by himself in the Amazon Region in 1P14-15. He 
does not consider the difference in neuration of the fore wing to 
be of sufficient value to justify the erection of a new genus — 1 
prefer to call it a subgenus — -and proposes to call it merely a 
group of the genus Stephan'm, Three main reasons for this are 
advanced ; — 1st. That they differ from Stephanas^ s, str., only in a 
single wing character, and that there is in the Stockholm 
Museum a transition form in which the external submedian 
cell is only slightly open. It is not unusual to find in Stephanus^ 
s. str., that the apical transverse nervure bounding this cell does 
not actually join the median nervure, thus leaving the outer lower 
angle of the cell slightly open, but the median nervure, never- 
theless, extends to the full length of the cell. 2nd. As far as is 
known, all the 8. American Stephanus^ s. str., are 25 mm. or 
more in length, Hemiatephanus all less than 25 mm. I am 
unable to decide as to the value of this fact. 3rd. Megiachus 
texanna Cress., originally <lescribed from a specimen wdth 
mutilated wings, is said to be represented in the Stockholm 
Museum by a topotype and to be a llamiataphanua^ but differing 
in colour and sculpture from the S. American species, showing 
strong affinities to tlie N. American species of Stephanua^ s. str. 
I should be not inclined to withdraw the subgenus on this evidence 
alone. There may be a mistake in identification, or the northern 
representatives of the group may have their special characters. 
For the present I place that species in Stephanua^ s. str. 

Practically nothing is known of the life-history of these insects. 
They are always found on or around dead or dying wood, and 
are certainly forest dwellers, parasitic on wood-boring larva*. 
Roman (I, <?.) suggests that their hosts are to be found among the 
Brenthidse, their larv© being elongate and apparently suitable for 
those of slender elongate insects like the Stephanidse ; also they 
are both found in all warm countries. Buprestidss may also be 
considered, but Brenthidsa he thinks most probable. 



MU. B. A. BLttorr dK TRifi 


?e2 


Table of Species. 

9 . 

(18.) 1. Posterior margin of head produced collar<like. 

(13.) 2. Petiole dietinotly longer than rest of abdomen. 

(4.) 3. Petiole tu ice as long as rest of abdomen; pronotum poste- 
riorly rugose punctate; abdomen from second segrnient 
sbinmg smooth ; terebra about times as long as Imdv. 

I. collarifer Sclilett. 

(3.) 4. Petiole not mom than half as long again as rest of abdomen. 

(6.) 6. Head black ; neck indistinctly transvugose, pronotum oblique, 

rugose liehind 2. margitialis Schlett. 

(6.) 6. He^d red. 

(8.) 7. Neck transverse, hind coxce smooth beneath .... 3. glahricoxis Koman. 

(7.) 8. Neck longer than broad; hind coxae trans-striate beneath. 

10.) 9. Nock twice as long ns broad; pronotum smooth, diffusely 
punctate behind only, median segment with punctures of 
varied size, interstices partly punctate-rugose .. 4. peruanus Enderl. 

(0.) 10. Neck not more than U times as long as broad. 

(12.) 11. Neck of pronotum laterally angulated ; punctures on median 

segment uniform, interstices smooth 6. Roman. 

(11.) 12. Nock of pronotum not laterally angulated ; interstices on [Cam. 

median segment alutaceous 6. ergthrocephalus 

(2.) 13. Petiole at most as long as rest of abdomen. 

(16.) 14. Terebra scarcely longer than body j median segment centrally 

narrowljs laterally broadly impunctate ... . 7. Schlett. 

(14.) 16. Terebra at least oue-third longer than body. 

(17.) 16. Petiole ns long as rest of abdomen ; terebra half as long again 

as body . 8. mt$tn$ii Schlett. 

(16.) 17. Petiole shorter than rest of abdomen ; terebra one-third [Schlett. 
longer than body 9. limpidipennis 

(1.) 18, Posterior margin bordered or not bordered, but not produced 
collar-like. 

(26.) 19. Posterior margin of head bordered. 

(21.) 20. Terebra twice as long as body; semiannular smooth and 

shining 10. macrurus Schlett. 

(20.) 21. Terebra not more than half as long again as body. 

(23.) 22. Median segment contlucntly punctate. 

(226.) 22 a. Scutellum smooth, w'ith marginal punctures only. 27 mm. 

II. intermedins Sz<5pl. 

(22 a,) 226. Scutellum closely punctate throughout. 13 mm. \\a. grannlatnslPAWoii. 

(22.) 23. Median segment diffusely, not confluently punctate. 

(26.) 24. Semiannular striate; motapleurae coarsely alutaceous and 
punctate; hind coxw closely rugose; wings hyaline. 

12. pehlkei Efulerl. 

(24.) 25. Semiannular smooth ; motapleura5 irregularly rugose ; hind 

coxa* with sparse scale-like rugosities, wings subhyaline ( Westw. 
centrally slightly darker 13. snhmaculatus 

(19.) 26. Posterior margin of head simple, not boidered. 

(28.) 27. Semiannular and petiole except basally smooth; wings sub- [Westw. 
hyaline, centrally darker 14. maculipennis 

(27.) 28. Semiannular more or loss rugose ; wings not centrally darker. 

(30.) 29. Terebra more than half as long again as body; petiole as long 

as rest of abdomen 16. ruf>cep$ Cam. 

(29.) 30. Terebra little or not longer than body. 

( 32.) 31. Tereb.m a little longer than body ; petiole shorter than rest 

of abdomen ; wings clear hyaline 16. mdonts Schlett. 

(31.) 32. Terebra only as long as body : petiole slightly shorter than 

rest of abdomen ; wings infumate 17. eglindricus Westw. 
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(6.) 1. Posterior margin of head produced collar-like. 

(8.) 3« Petiole shorter than rest of abdomen ; collar short. 7. teuer Schlett. 


(2.) 3. Petiole longer than rest of abdomen. 

(6.) 4. Petiole nearly twice as long as rest of abdomen ... 1. collarifer BchXeit, 
(4.) 6. Petiole a little longer than rest of abdomen ; iieck long and 

slender ! 4. ferwinus Knderl. 

(1.1 6. Posterior margin of liead simple, not bordered. 


(8.) 7, Semiannular coarsely, obliquely rugose; 4th tergite finely 
longitudinally parallel striate; wings slightly iufumate. 

17. cylindricus Westw. 

(7.) 8. Semiannular quite or nearly smooth. 

(10.) 9. Wings clear hyaline; 4th tergite divergently longitudinally 

striate 16. vadosut Schlett. 

(9.) 10. Wings centrally darker 14. maculipennU 

[Westw. 


1. COLLARIFER Schlett. 

Stephanus collarifer Schlett., p. 141, $ c? . 

2 . Frons arcuate to oblhjue rugose ; all five frontal tubercles 
prominent ; occiput coarsely longitudinally to obliqtiely rugose ; 
posterior margin of head reflexed and produced into a long, 
translucent collar. Basal flngollar joints normal. Neck with a 
strong transverse fold, behind which it is slightly transrugose ; 
semiannular transrugose, laterally finely punctato-rugose. Meso- 
notum centrally smooth, wiili indistinct longitudinal row of 
puncture.s and two divergent, superficially punctate impressions, 
remainder transrugose and diffusely punctate. Scutellum smooth, 
with a few isolated but deep marginal punctures. Mesopleurce 
finely alutaceous and shining above, sparsely punctate beneath ; 
metapleurre coarsely reticulate rugose, not separated from the 
median segment by any sulcus. Median segment with diffuse, 
shallow punctures, between which it is finely alutaceous; marginal 
sulci distinct and sometimes an indistinct central impression. 
Petiole transrugose, nearly twice as long as the smooth and 
shining remainder of abdomen, and almost longer than the hind 
coxae, trochanters, and femora together. Terebra longer than 
body, its sheaths white-handed before apex. Hind legs with 
coxte trans-striate between coarse, scfile-like rugosities ; femora 
polished smooth, bidentate ; tibiae compressed to beyond middle ; 
tarsi three-jointed. 

Black; head entirely, mandibles and ant^ennae basally ferru- 
ginous. Wings subhyaline; “ neuration complete, excepting 
that part of the median nervtire outside the submedian cell.^^ 

cJ . Similar to the 5 , but head and thorax more finely sculp- 
tured, median segment closely cribrate punctate ; hind tarsi five- 
jointed. 

Length , 5 , 18 mm. ; terebra 24 mm. ; S' , 12 mm. 

Habitat ; Brazil (Tefe on the Amazon and San Paulo Prov.) ; 
Surinam. Type iu the Boyal Nat. Hist. Museum, Berlin ; 
co-type in coll. Wiistnei, in Sonderburg. 
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This species is distinguished from all others by the extremely 
elongate posterior margin of the head, and by the great com- 
parative length of the petiole, which is twice as long as the rest 
of the abdomen. 

2. MAEGINAUS Schlett, 

Stephanvs Tnargincdia Schlett., p. 133, J . 

5 . Frons and occiput coarsely and irregularly rugose, a few 
arcuations immediately behind frontal tubercles. Posterior 
margin of head reflexed collar*like. Second flagellar joint three 
times as long as first ; third as long as first and second together. 
Neck indistinctly finely rugose, especially centrally; semiannular 
finely obliquely rugose. Mesonotum centrally polished smooth, 
anteriorly and laterally rather coarsely transversely punctato- 
rugose, the median line of punctures obsolete. Scutellum 
polished smooth, with a few very conspicuous punctures. Meso- 
pleurse almost smooth, with large, diffuse punctures ; meta pleurae 
coarsely reticulate rugose, separated from the median segment 
by a polished smooth sulcus, which is broad in front, narrow 
behind. Median segment anteriorly smooth, centrally and 
posteriorly finely transrugose, coarser towards apex, with diffuse 
superficial punctures. Petiole basally distinctly, apically in- 
distinctly transrugose, very little longer than rest of abdomen ; 
second segment basally rugose, remainder of abdomen dull. 
Terebra scarcely longer than body, white-banded before apex. 
Hind legs with coxas distinctly transrugose between widely 
placed scale-like rugosities ; femora polished smooth, bidentate ; 
tibiae compressed to beyond middle. 

Entirely black ; wings slightly infumate. Length 25 mm. 

Habitat : Bahia, Brazil. Type in Imp. Nat. Hist. Museum, 
Berlin. 

This species strongly resembles Stephanus farcatm Lep. <k Serv., 
niger Smith, and aickmanni Schlett., from all of which it may be 
distinguished — in addition to the neuration — by the reflexed 
posterior margin of the head and the elongate basal flagellar 
joints. The latter character, and the sculpture of the mesonotum 
will separate it from its nearest allies, collarifer Schlett. and 
H. wUstneii Schlett. 

3. GLABRicoxis Roman. 

Stephanus {Hemistephanus) glahricoxis Roman (2), p. 9, J . 

$ . Frons arcuate rugose, space between tubercles longitu- 
dinally rugose; vertex with 2-3 transcarinae ; occiput more 
longitudinally rugose; posterior margin of bead collar-like, 
translucent. Scape as long as second flagellar joint ; third joint 
rather longer than first and second together, fifth slightly shorter 
than fourth and as long as sixth. Neck transverse, apically 
deeply emarginate, transverse fold broad and deep ; an oblique 
costa runs on each side of the fold, behind which the pronotum 
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is polished smooth ; mesonofcum anteriorly and latemlly coarsely 
transrugose, {>osteriorly centrally smooth; impressed part of 
metapleursD striate; median segment rugulose, especially laterally, 
the umbilical punctures do not extend to the sides; stigmal sulcus 
obsolete in front. Petiole slender, transrugose, longer than 
remaining segments ; second basally transrugose, slightly acicu- 
late beyond middle ; third basally finely transreticulate, otherwise 
finely aciculate; fourth transverse, basal half tiansreticulate, 
apical half polished. Terebra one-third longer than body, its 
black apex more than half as broad as the subapical white band. 
Hind legs with cox«e polished smooth externally and beneath 
except towards apex, furnished with a few transverse piliferous 
granules, the usual close striation only visible above and inside ; 
femora apically above and externally finely reticulate; tibire 
compressed to beyond middle ; metatarsus about four times as 
long as broad. Fore wing not reaching apex of second segment. 

Black ; liead except apices of mandibles, two basal antennal 
joints, and hind metatarsus red. Wings strongly infumate, 
stigma and nervures black, the former basally pale, radix and 
tegular black. 

Length 18*5 mm. ; terebra 24 mm. 

Habitat: Oururuzinho, Rio A utaz, Brazil ; 20.x. 1914. One $ 
only. 

Very similar to JET. angtdicollis Roman, differing especially in 
the sculpture of the short neck, the chiefly smooth coxae and 
darker wings, as well as in minor details. 

4. PERUANus Enderl. 

Hemistejyhanus peruanna Enderlein (4), p. 302, $ ; Roman (2), 

P. 7, ? d. 

? 6 . Head rather large ; frons transrugose, straightly in 
front, arcuately behind. All five frontal tubercles well developed, 
the anterior one produced into a carina in front. Vertex and 
occiput arcuate rugose, posteriorly smooth, without central 
impression ; posterior margin of head broad and translucent. 
Second flagellar joint about two and a half times as long as first ; 
third about as long as first and second together. Pronotum 
elongate, polished smooth, with a few punctures on semiannular 
and a strong apical carina. Mesonotum anteriorly with a median 
row of punctures, on each side of which is a smooth space, 
bounded by two divergent rows of punctures, outside of which 
are four strong rugosities, dorsally smooth, with large diffuse 
punctures. Bcutellum smooth. Mesopleurm coarsely and 
diffusely granulate rugose, separated from the median segment 
by a wavy longitudinal carina. Median segment with large and 
small shallow punctures on a partly rugose punctate ground, a 
short longitudinal impression before spiracles, laterally indistinctly 
rugose, anterior lateral angles smooth polished. Petiole basally 
finely transrugose, spex broadly smooth, longer than remainder 
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of abdomen; second segment with extreme base finely rugose, 
then microscopically longitudinally aciculate ; third to beyond 
middle and fourth basally finely shagreened and dull, remainder 
smooth, Terebra rather longer than body, white-handed before 
apex. Hind legs with coxa3 finely transrugose throughout; 
femora bidentate, smooth. 

Black ; head and 3-4 basiil antennal joints ferruginous, thorax 
basally dark red-brown. Tarsi densely gold pubescent beneath. 
Wings strongly inf innate, nervures black -brown, stigma slender. 

Length, $, 19| inm. ; abdomen 13| mm.; petiole 7^ mm.; 
terebra 21^ mm. ; fore wing 11 1 mm. cf , 9|-14 mm. 

Habitat : Prov. Clianchamayo (Rio Toro), Peru ; Rio Autaz and 
Manaos, Brazil. 

This species is best known from all others by the elongate, 
unsculptured pronotum. It resembles Parastephanellus coUm^ifer 
Schlett., from which it may be distinguished by neuration of 
wings, sculpture of median segment and abdomen, and by the 
colour. 

5. ANGULiooLLis Roman. 

Stejjhanus (I/emiste 2 )h.) angulicollis Roman (2), p. 7, $ . 

2 , Frons arcuate rugose, space between the stout anterior 
tubercles longitudinally rugose, the posterior pair squamiform ; 
vertex with 3-4 trauscarinae ; occiput anteriorly more or less 
arcuately rugose, remainder smooth, centrally longitudinally 
aciculate, the rugose and smooth parts forming an obtuse angle 
with each other. Posterior margin of head produced into a 
translucent collar. 8cape as long as second flagellar joint, third 
rather longer than first and second together, fifth as long as 
fourth and rather longer than sixtii. Neck elongate, about one 
and a half times as long as broad ; in front of the transverse fold 
is a broad Sulcus, on each side of which is a strong raised costa 
running forwards and suddenly bent outwards, followed by others 
which become smaller in the direction of the fold ; semiannular 
coarsely rugose before and below its polished posterior margin. 
Mesonotum with distinct central row of punctures, parap6ida3 
coarsely subtransversely rugose; impressed pai*t of metapleurae 
striate. Median segment with umbilicate punctures of about 
even size on a smooth ground, lateral impressions from spiracles 
to anterior margin. Abdomen more than twice as long as head 
and thorax, petiole slender, strongly trans-striate throughout, 
longer than the remaining segments together ; extreme base of 
segment two transrugose, remainder polished and closely acicu- 
late ; third slightly longer than its apical breadth, basally finely 
transreticulate, rest aciculate, with broadly smooth apical margin ; 
3rd to 6th slightly apically emarginate ; fourth not longer than 
its basal breadth, basal third transreticulate, centrally transacicu- 
late, apically polished ; remaining segments strongly transverse. 
Terebra about one-third longer than body, the black apex alK)ut 
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half as broad as the subapical white band. Hind legs with coxae 
closely trans-striate, subobsoletely above, a few piliferous 
granules. Femora towards apex above and externally very finely 
reticulate ; the tibiae compressed to beyond middle ; metatarsus 
five times longer than its maximum breadth. Fore wings not 
reaching apex of second segment. 

Black; head except apices of mandibles, scape, first flagellar 
joint partly, and iiind metatarsus obscurely red ; palpi fuscous. 
Wings nearly hyaline; stigma black, basal ly narrowly pale; 
nervures and ra<lix black, tegulee pale, basally black. 

Length 17*5 inm.; terebra 22 mm. 

Habitat: Apipica, Rio Autnz, Brazil, 14.ix.l914. One 

Apparently isolated by the peculiar structure of the neck, but 
near 7/. peruamia Enderl. in the elongate neck and small trans- 
verse fold. 

6. EiivTiiROCEPHALiTS Cam. 

Megiachua erythrocephaliis Cameron (l),p. 421 , J . Stephanus e. 
Schleit., p. 140, $ . 

5 . Fi'ons transrugose ; occiput longitudinally rugose, with 
faint central sulcus ; posterior margin of liead broadly bordered. 
Neck longitudinally sulcatc, lateialJy obliquely carinate; semi- 
annular trans-striate, posterior margin narrowly smooth. Meso- 
thorax trans-striate throughout ; scutellum smooth, with three 
large marginal punctures on each side ; meso- and meta-pleura) 
and median segment alutaeeous, with dilliise large punctures, the 
two latter separated by a sulcus. Petiole trans-striate, longer 
than rest of abdomen ; second segment basally coarsely trans- 
rugose, thence and basal two-thirds of third discally longitudi- 
nally aciculate and dull, remaining segments smooth. Terebra 
slightly longer than body, sheaths white-handed before apex. 
Hind legs with coxa* coarsely trans-striate; femora smooth, 
bidentate ; tibiae constricted in basal third, apical third felted 
beneath. , 

Black ; head I’ed. Wings hyaline, stigma and nervures black. 

Length 19 mm,; abdomen 13 mm.; petiole 7 mm.; terebra 
20 mm. 

Habitat : Buguba, Panama. Type in British Museum. 

Closely allied to H, collarifer 8chlett., but sufiiciently distin- 
guished by the less developed posterior margin of head and 
shorter terebra. 

7. TENER Schlett. 

Steplmiua tener Schlett., p. 142, ? ; Roman (2), p. 7, 5 cf . 

5 . Frons finely arcuate rugose ; occiput finely longitudinally 
to obliquely rugose, more transversely near posterior ocelli; 
the three anterior frontal tubercles very prominent; posterior 
margin of head produced into a short but distinct and trans- 
lucent collar ; cheeks scarcely as long as scape. Second flagellar 
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joint twice as long as first, third longer than first and second 
together. Neck elongate and very slender, posteriorly rugose, 
especially laterally ; semiannular polished smooth, with a few 
fine punctures and oblique striations. Mesonotum laterally 
deeply punctato*rugose, with a central line of small but distinct 
punctures, on each side of which is a smooth space bounded by a 
row of broad punctures. Scutellum smooth, with a few con- 
spicuous marginal punctures. Mesopleune mther smooth and 
shining above, dull beneath, with diffuse and shallow punctures ; 
metapleurm anteriorly finely and irregularly, posteriorly coarsely 
reticulate rugose, not separated by any sulcus from the median 
segment, which is punctate, except narrowly in the middle and 
broadly at the sides. Petiole tmnsrugose, as long as remainder 
of abdomen ; second segment smooth, basally rugose ; third and 
fourth finely wavily transrugose, third centrally feebly longitu- 
dinally aciculate (in small individuals nearly smooth). Terebra 
as long as body, white-banded before apex. Hind legs with 
coxw extremely finely transrugose between coarse, scale-like 
rugosities; femora polished smooth, bidentate : tibijB compressed 
to lieyond middle. 

Black ; head, scape, first flagellar joint, and mandibles basally 
ferruginous. Wings hyaline. 

Length 9*3-14*5 mm. The type in the Hungarian National 
Museum at Budapest is 13 mm. long. 

Habitat : type from Obidos on the Amazon, Brazil ; Rio 
Autaz. 

(J. Similar to but segment 4 subtransverse. Length 
9-10*5 mm. 

Habitat : Rio Autaz, Amazon District, Brazil ; taken by 
Roman in 1914-15. 

The elongate neck and shorter terebra will suffice to distinguish 
this species from H,collarifery limpidipennis, and wiisineii Schlett., 
in all of which the neck is normal and the terebra longer than the 
body. 

8. wfiSTKEii Schlett. 

Stephanus wiiataeii Schlett., p. 149, J . 

$ . Frons irregularly rugose ; vertex transrugose ; occiput 
rugose-punctate. Cheeks shorter than scape. Posterior margin 
of head produced into a very distinct collar. Basal flagellar 
joints normal. Neck with a few deep rugosities ; semiannular 
polished smooth, with diftuse punctures. Mesonotum with a 
central row of punctures, on each side of which is a smooth 
space, laterally rather densely rugose-punctate. Scutellum 
smooth, with a few fine marginal punctures. Mesopleurse almost 
smooth and slightly shining above, dull and rather coarsely and 
densely rugose-punctate beneath ; metapleurce reticulate rugose, 
more coarsely behind than in front, not sepaiuted from the 
median segment by any sulcus. Median segment densely 
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cribrate punctate, with a distinct crenulate sulcus on each side. 
Petiole very finely and indistinctly tra ns- striate, as long as the 
remaining segments ; second segment basally striate, rest smooth 
and shining, with a few dull spots* due to microscopic sculpture. 
Terebra half as long again as body, sheaths white-handed before 
apex. Hind legs with coxae finely striated between coarse 
rugosities, distinctly transrugose beneath ; femora polished 
smooth, bidentate ; tibiae compressed to beyond middle. 

Black ; head, mandibles basally, and scape ferruginous. Wings 
hyaline. 

Length 12 mm. ; terebra 18 mm. 

Habitat : Massanary, on the Amazon, Brazil. Type in collec- 
tion of Herr Wiistnei, after whom it is named. 

Schletterer states that this species is deceptively like H, limpidi- 
pennis^ but the sculpture of face is different, petiole and terebra 
longer, the former less distinctly sculptured and the median 
segment more densely punctate. From //. marginalis it may be 
distinguished by smaller size, shorter basal flagellar joints, shorter 
petiole, and shorter terebra. 

Hz6pligetti, p. 533, states briefly of this species: — cf* Tarsi 
4-jointed; metatarsus brown. Length 14 mm.; terebra 

18 mm. Habitat: Fonteboa, on the Amazon, Brazil. 

This error as to the d S having 4-jointed hind tarsi is 
repeated by him in other cases ; they are always 5-jointed. 

9. LiMPiniPBNNis Schlett. 

Stephanus limpidipennis Schlett., p. 147, J . 

9 . Frons rather coarsely and subarcuately rugose ; vertex 
transrugose; occiput more coarsely punctato-rugose. Temples 
with a few punctures near eyes. Posterior margin of head pro- 
duced into a long translucent collar. Cheeks decidedly shorter 
than scape. Basal flagellar joints normal. Neck of prothorax 
with two coarse transverse folds, between which it is deeply 
impressed and shining, behind them lightly punctato-rugose; 
semiannular rather densely, partly confluently punctate. Scutellum 
entirely smooth with a few marginal punctures. Mesonotum 
laterally rather coarsely and densely rugoso-punctate. Meso- 
pleurcD smooth above, dull beneath, with large diffuse punctures ; 
metapleurae in front lightly and indistinctly, behind coarsely and 
deeply reticulate rugose, not separated from the median segment. 
Median segment shining smooth, with large diffuse punctures, 
centrally closer, marginal sulci distinct. Petiole trans-striate, 
basally irregularly rugose, distinctly shorter than remainder of 
abdomen, which is basally finely rugose, otherwise smooth with a 
few dull spots due to microscopic sculpture. Terebiu evidently 
longer than body, white-handed before apex. Hind legs with 
00 X 88 finely trans-sti'iate between very coarse rugosities ; femora 
smooth, bidentate ; tibisB compressed to beyond middle. 
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Black ; head, base of mandibles, and scape ferruginous. Wings 
extremely clear hyaline. 

Length i4~15 mm. ; terebra 19--20 mm. 

Habitat: Massanary, Brazil. Type in Hungarian Nat. Museum, 
Budapest. 

This species differs from H, vnistneii cliiefly in the more 
arcuate rugose head, shorter and more coarsely sculptured petiole, 
and more diffusely punctate median segment. From H. collaHfer^ 
■with which it agrees in size, colour, posterior margin of head, and 
length of terebra, it may be best known by the rugose punctate 
occiput, shorter petiole, deeper sculpture of the semiannular, and 
by the very clear wings. 


10. MACftURUs Schlett. ^ ' 

Stepha/mt8 macrurus Schlett., p. 128, $ . 

$ . Frons rather finely arcuate iiigose ; occiput in front 
arcuately to transversely rugose. Posterior margin of head 
strongly bor(lei*e<l. Cheeks shorter than scape. Basal flagellar 
joints normal. Neck of prothorax apically finely transrugose, 
the remainder, together with the whole semiannular, smooth and 
shining. Mesonotum sparsely punctate, centially smooth, with a 
longitudinal row of broad punctures, laterally finely transrugose. 
Scutellura polished smooth, diffusely and finely punctate. Meso- 
pleura' above finely alutaceous and shining, beneath dull, with 
large and partly confluent punctures ; metapleursR dull, finely 
and diffusely punctate, separated from median segment by an 
indistinct and finely nlgo^se sulcus. Median segment with diffuse 
large punctures, interspersed with finer ones. Petiole trans- 
rugose, basal ly more coarsely, a little shorter than rest of 
abdomen, which is basfilly rugose, then shining, with a few dull 
spots. Terebra twice as long as body, sheaths white-handed 
before apex. Hind legs with cox© shining, finely trans-striate ; 
femora polished smooth, apically finely sculptured and subopaque, 
bidentate ; tibiffi longer than femora, compressed not quite to 
middle. 

Black ; head ferruginous, mandibles red, apically brown ; 
antenn© pitch-browm, apically ferruginous; neck of prothorax 
brown or rufous; bind tarsi rufescent. Wings hyaline. 

Length 23-24 mm. 

Habitat : Surinam. Type in Royal Natural History Museum, 
Berlin. 

This species may be distinguished from IF. maculipennis 
Westw. by the sculpture of petiole and hind cox©, longer terebra, 
and hyaline wings. From II. collarifer Schlett. and limpidi’^ 
pennis Schlett., which it resembles in form and^colour, it may at 
once be known by the much less prominent posterior margin of 
bead and by the longer terebra. 
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Stephanua intermfidius Sz6pL, p. 533, $ . 

$ • Frons coarsely and indistinctly arcuately rugose ; vertex 
ai'cuately, occiput transvei'sely rugose ; cheeks short, only half as 
long as scape ; posterior margin of head sharply bordered. Basal 
flagellar joints normal. Pronotum short, irregularly trans-striate, 
its posterior margin polished . Mesonotum coarsely and irregularly 
rugose; scutellum smooth, with coarse marginal punctures. 
Mesopleur® in front finely punctate, a few coarse punctures 
behind and transrugose below ; metapleurse pubescent, with a 
few isolated punctures, separated by a deep smooth sulcus from 
the confluently punctate median segment. The petiole trans- 
rugose, rather shorter than rest of abdomen. Terebra rather 
longer than body, white-handed before apex. Hind legs with 
coxa? tranS'Striate ; femora smooth, bidentate ; tibiie compressed 
in basal third. 

Black; head, scape, and hind tarsi ferruginous. Wings 
infuraate, light brown. 

Length 27 mm. ; terebra 30 mm. 

Habitat: Tonantins, Brazil. 

This species comes very close to II. mctcrurua Schlett., from 
which it may be distinguished by the confluent puncturation of 
the median segment, infuinate wings, and much shorter terebra. 

11a. GRANULATUS Elliott. 

Hemiatephamis granuLatua Elliott (2), p. 130, $ . 

5 . Head, excepting the smooth temples, granulate rugose, 
vertex and occiput more finely; posterior margin of head 
bordered ; anterior tubercle prominent ; three very conspicuous 
cai’ime between the posterior ocelli. Basal fiagellar joints normal. 
Pronotum rather short, trans-striate, with smooth posterior 
margin; mesonotum centrally trans-striate, laterally punctate; 
scutelhim closely punctate throughout, marginal punctures deep. 
Mesopleurse finely and closely punctate; metapleurse coarsely 
punctate, separated by a crenulate sulcus from the median 
segment, which is confluently, almost gi'anulate punctate. Petiole 
trans striate, slightly shorter than rest of abdomen ; base of 
second segment trans-striate, remainder smooth, feebly shining. 
Terebra very nearly os long as body, rufescent. Hind legs with 
COX 80 trans-striate ; femora smooth, bidentate ; tibiae compressed 
to middle. 

Rufescent ; all metatarsi flavous to white. Wings infumate. 

Length 13 mm.; abdomen 7| mm. ; petiole 3|rinm.; terebra 
13^ mm. 

Habitat : Swan River, West Australia, 

The closely punctate scutellum and general granulate sculpture 
will distinguish this species. 

If the label ‘*Swan River” is correct, this is the first, and 
Proo. Zool, Soc. — 1922, No, LII. 62 



779 


USLM, A. mJJOTT OK THB 


Up to the present, the only species of this subgenua known 
from the Australian Region. The large size of the discoidal 
cell places it here, but all other known examples come from 
South America. 


12. PJSHLKEX Enderl. 

HemiatephanuB paJdhei Enderl. (4), p. 304 ; Roman (3)^ pp. 10 
et 13, $ . 

2 • Frons closely, posteriorly arcuately rugose ; space between 
tubei’clee transrugose in front, obliquely l^hind. Vertex strongly 
arcuate rugose ; occiput in front arcuate rugose, becoming finer 
and straighter behind, with a broad, indistinct median impression ; 
posterior margin of head finely lx>rdered. Second flagellar joint 
normal, third longer than first and second together. Neck 
rather short, with four transverse carinae ; semiannular 
moderately transrugose, the narrow posterior border smooth, and 
with lateral very fine oblique striation. Mesonotum antei’iorly 
irregularly punctate rugose, with a median line of confluent 
punctures, centrally smooth, laterally coarsely punctate. 
Soutellum polished smooth, laterally coarsely puncUite. Meso> 
pleurae rugose reticulate and diffusely punctate; metapleurac 
similarly, but more coarsely punctate, separated from median 
segment by an anteriorly obsolete carina. Median segment 
smooth, with microscopic reticulation and diffuse punctures which 
do not touch the middle or sides; marginal sulci wanting. 
Petiole trans-striate, apically more finely, shorter than lest of 
abdomen. Second segment basally rugose, towards apex longitu- 
dinally aciculate ; third to fifth btisally gi*anulate aciculate ; 
fourth apically longitudinally aciculate, remainder very finely 
aciculate. Terebra one-third longer than body, sheaths black, a 
subapical white band as broad as the black apex. Hind coxse 
transrugose ; hind femora smooth, bidentate. 

Black ; head except apices of mandibles and 3 or 4 basal antennal 
joints ferruginous ; bind tarsi gold pubescent l)eneath. Wings 
clear hyaline; stigma black, nervures black-brown. 

Len^h (type) 20^ mm.; abdomen 14| mm.; petiole 6 mm. 
terebra 28 mm. ; fore wing lOjJ mm. (Enderlein). 15-20^ rom, 
(Roman). 

Habitat : Rio Magdalena, Colombia (Pehlke); Rio Autaz and 
Curururuzino, Amazon District, Biazil (Roman). 

Roman states that this species is specially distinguished by 
the extremely fine oblique striation on the semiannular and at 
the lower end of the pleural furrow, also by the divergent longi- 
tudinal striation on the fourth tergite. llie finely bordered 
posterior margin of the head and the carina between metapleuree 
and median segment are characteristic, also the whole sculpture 
of the abdomen, 
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ll SUBMACULATUS Westw. 

Megiachus Buhmacvlatm Westw. ( 4 ), p. 230. $ . StephanUB 8, 
Schlett., p. 126, $ , 

$ . Frons arcuate rugose ; occiput anteriorly nrcuately, 
posteriorly transversely rugose. Posterior margin of head very 
finely bordered. Second flagellar joint one and a half times as 
long as first, third as long as first and second together. Neck 
very finely trans-striate ; semiannular entirely smooth. Meso- 
notum very diffusely and finely punctate ; scutellum smooth, with 
a few marginal punctures. Mesopleuree shining smooth above, 
diflusely punctate below ; metapleurce irregularly rugose, 
separated by a narrow but distinct sulcus from the median 
segment, which is very diliiisely punctate, apically irregularly 
transrugose. Petiole trans-striate, a little shorter than rest of 
abdomen, with two very distinct lateral tubercles before middle ; 
remaining segments smooth, apex of abdomen dull. Terebrn 
longer than body, sheaths white-banded before apex. Hind coxae 
with difluse scale-like rugosities ; hind femora polished, bidentate; 
hind tibiie compressed to middle. 

Black ; head and scape red. Wings subhyaline, scarcely darker 
centrally. 

Length 18 mm.; terebra 33 mm. 

Habitat: Para, Brazil. Type in British Museum. 

Very similar to rnacnlipennis Westw., but differs in the almost 
smooth neck of pronotuin, more difluse puncturstion of mesonotum 
and median segment, trans-striate petiole with much larger 
tubercles, and the subhyaline wings, not darker centrally. 

14, MACULirENNis Westw. 

MegiHchua mamlipenvia Westw. ( 4 ), p. 229, cf • Stephanua m, 
Schlett., p. 127, (S ; Sz6pl., p. 533, J d . 

5 J . Frons and vertex arcuate rugose ; occiput regularly, 
laterally irregularly transrugose. Posterior margin of head 
simple. Second flagellar joint one and a half times as long as 
first ; third normal. Neck very coarsely, basally more finely 
transttigose ; semiannular polished smooth. Mesonotum coarsely 
and diffusely, laterally more densely and partly confluently 
punctate, the median row of punctures and lateral divergent 
impressions very distinct. Scutellum smooth, with a few con- 
spicuous marginal punctures. MesopleuiBB above shining smooth, 
below finely and diffusely punctate ; metapleurce coai^sely and 
irregularly rugose, separated by a narrow but distinct sulcus 
from the median segment, which is coarsely and diffusely 
punctate, apically transrugose. Petiole smooth, basally finely 
trans-striate, with a small tubercle on each side before the 
middle, shorter than rest of abdomen, which is subnitidulous, 
apically dull. Hind coxse with difluse coarse rugosities, only 
near posterior margin densely transrugose ; hind femora polished 
stnootb, bideniate ; hind tibise longer than femora and compressed 
to middle. ♦ 

S2* 
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Black; head entirely, frons and hind legs centrally ferru- 
ginous; mandibles and antennse basally rufescent. Wings 
subhyaline, centrally strongly infumate. 

Length 25-33 mm. ; terebra 35-50 mm. 

Habitat : Para, Brazil. Type of ? in British Museum. 

Szepligetti (L c.) states : — “ ? . Length 25-30 mm. ; terebra 
35-50 mm.; sWths white-banded before apex; posterior margin 
of head sharp ; petiole transrugose ; hind tarsi 3-jointed ; 
otherwise as d . Yurimaquas, Peru, and Prov. Piauchy, Brazil. 


Text-figure 4. 



JlemisUphanui maouHpennia, 

“Yar. 1. 5 . Hind tibiae entirely black. La Merced, Brazil. 

“ Var. 2. j d • Median segment transrugose, centrally punc- 
tate. Wings pale brown to hyaline, centrally dark marked. Only 
basal half of front legs more or less red. Petiole of J rather 
lightly transrugose. Length 33 mm. ; terebra 50 mm. Vilca- 
nota, Peru,” 

In the type-form the smooth petiole, centrally dark wings, and 
sculpture of prothorax will distinguish this species from sub- 
mcLCulatus Westw. and mucrwrus Schlett,, both of which it 
resembles. The transrugose petiole of Sz6pligetti’s specimens 
appears to be merely a variety, 

15. EiTFiOBPS Gam. 

Megohm ruficeps^ Cameron (1), p. 420, pi. 18, fig. 9, $, 
Stephanvs eapitattis Schlett., p. 151, Hemistephamis rujiceps 
Morley (l),p. 11«, 
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Niger, capite rufo ; alis fei*© hyalinis, $ long. 19 mm. ; 
terebra 26 mm. ffab, Panama, Volcan de Ohirique, 2500-4000 
feet.” (Oameron.) 

5 . Head coarsely rugose, vertex more finely ; posterior 
margin of head simple. Antennee veiy slender, about two- 
thirds of length of body, scape elongate; basal fiagellar joints 
normal. Neck coarsely, semiannular more finely trans-striato. 
Scutellum smooth, with large and coarse marginal punctures. 
Mesopleursd aciculate, rather dull ; metapleurae rugose and dull. 
Median segment nitidulous, with large and diffuse punctures. 
Petiole irregularly but closely trans-striate, as long as remainder 
of abdomen. Terebra half as long again as body. Hind legs 
w-ith cox8e striolate, more strongly towards apex, inner side 
densely pilose ; femora smooth, bidentate ; tibise and tarsi 
covered with dense, shining, fulvous pubescence. 

Black with red head. Wings subhyaline. 

Length 19-21 mm. ; terebra 25-36 mm. 

Habitat: Panama (Oameron) ; Amazon (Bates). Type in British 
Museum. 

The present species may be best separated from cylindricvs 
Westw. by the much longer terebra and by the sculpture of the 
pro- and meso-thorax and of the hind coxa). It also resembles 
H, wiiatneii Schlett., from which it may be known by the simple 
posterior margin jf the head, coarser puncturation of the 
scutellum, and by the greater size. 

In 1861, Smith described a Fmnatopus ruficepsy and subse- 
quently withdrew his genus Fmiiatopus as synonymous with 
iStephanus. On these grounds Schletterer (?. c.) altered the 
specific name to capitatiis. More recent investigation has 
resulted in the original genus Stephanus being divided into a 
number of subgenera, in each of which it appears permissible to 
repeat a specific name ; hence I* restore the original name 
rujicepa given by Cameron. 

16. vADosus Schlett. 

Schlett., p. 146, $ ; Roman (2), p. 11, ? d . 

5 . Head irregularly rugose, frons finely, occiput more 
coarsely and transversely in front ; posterior margin of head 
simple. Second fiagellar joint barely twice as long as first ; 
third longer than first and second together. Neck feebly trans- 
rugose, semiannular polished smooth above, obsoletely rugose 
below. Mesonotum with irregular to transverse superficial 
rugosity, central row of punctures distinct, lateral ones indistinct, 
Scutellum polished smooth, marginally punctate. Mesopleur®e 
shining above, dull beneath; metapleur© irregularly rugose, 
not separated from median segment, which is smooth shining, 
very diflTusely punctate, with distinct marginal sulci. Petiole very 
finely trans-stiiate, little shorter than rest of abdomen ; second 
segment basally finely rugose, apical third longitudinally striate, 
fourth longitudinally divergently striate. Terebra longer than 
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body, white-^banded before apex. Hind l^gs with coxie finely 
trans- striate lietw^n coarse ridges ; femora smooth, bidentate ; 
tibifB compressed about to middle. 

Black; mandibles and antennte basally and hind metatarsus 
ferruginous; anterior legs brown, with a tendency towards 
rufescent. Wings entirely hyaline. 

Length 12-20 mm. ; terebra 15-24 mm. 

6 . Differs from 9 in having 3rd abdominal segment usually 
distinctly elongate, 4th transverse or rarely quadrate. Length 
8-11 ’5 mm. 

Habitat; Brazil, Manaos, Rio Autaz. Type in National 
Museum, Budapest. 

This species appears to be one of the most frequent in the 
Amazon region, yet, until 1914, it had been only once taken, and 
the (S was not known. It comes close to If. cylhtdricus West>v., 
from which it may be distinguished chiefly by the finer sculpture 
of pro- and meso-thorax, longer terebra, arnl entirely hyaline 
wings. From II, limpidipennis Schlett.. triistneii Scblett., and 
tener Schlett.. all of which it l esembles, it is at once separated by 
the simple posterior margin of the head. 

17. CYiiiNDRicus Westw. 

Megiachus cylimlricua Westw. (4), p. 230. Stephamia cylin- 
dricfiis Schlett., p. 144; Enderlein (4), p. 306, J ; Roman (2), 
p. 10, 

$ . Head entirely finely and moderately irregularly rugose, 
more transversely near posterior ocelli; three anterior frontal 
tubercles very prominent; posterior margin of head simple. 
Second flagellar joint fully one and a half times as long as first ; 
third longer than first and second together. Neck coarsely 
rugose, anteriorly transversely, posteriorly more irregularly ; 
semiannular smooth above, laterally posteriorly obliquely rugose. 
Mesonotum rather coarsely rugose-punctate, a small central 
smooth space with indistinct longitudinal row of punctures, the 
lateral ones more distinct. Scutellum polished, with diffuse 
marginal punctures. Mesopleurue shining smooth above, dull 
and diffusely punctate beneath ; metapleurae finely and diffusely 
punctate in front, irrogtilarly rugose behind. Median segment 
strongly shining, very finely and diffusely punctate, marginal 
sulci obsolete. Petiole basally irregularly rugose, remainder 
distinctly trans-striate, a little shorter than rest of abdomen, also 
slightly shorter than the hind cox£e, trochanters, and femora 
together ; second segment bivsally subrugose, third basally trans- 
versely, apically longitudinally striate, rest smooth, with a few 
dull spots due to microscopic sculpture, Terebra as long as 
body, sheaths white-banded before apex. Hind legs with coxsb 
finely striate between coarse rugosities ; femora smooth, 
bidentate ; tihise compressed to middle. 

Blfusk; hea4 entirely, mandibles and antenna basally ferru- 
ginous, liind tarsi badious. Wings slightly infuscate. 

Length 13-15 mm. 
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6 . Differs from $ in the stouter petiole, third segment not, 
or scarcely longer than its basal width, fourth strongly tmnsverse 
(subelongate in $), its extreme base longitudinally striate. 
Length 19-14*5 mm. 

Habitat : Rio Autaz, Apipica, Oururuzinho, Brazil ; Peru, Dept. 
Chanchamayo. 

This species seems by no means plentiful. It resembles. 
H, vadoam Schlett., from which it may be known by the coarser 
sculpture of pro- and meso-thorax, shorter terebra, and colour of 
head. The simple posterior margin of the head and longer third 
fli^ellar joint will separate it from H, limpidipennis, tenevy and 
wmtmii Schlett. 

Neostephakus. 

Kieffer (1), p. 4, gen. n. 

Smith's genus Fmnatojnia was defined as having the cubital 
and discoidal cells wanting, or only indicated by indistinct 
nervures. 

Kieffer (Z. c.) subdivided this genus, placing in a new subgenus, 
NeoatephanuSy those species in which the apical margin of the 
external submedian cell is marked by a transverse nervure, while 
retaining in Fcttiaiopus those in which this nervure is absent. 

The species of the suhgenus Ffeoatephanua appear to be confined 
to Central and South Africa and Madagascar, to which latter 
island the type-species, N» alluaudi Kieff., belongs. 

Table of Speciea. 

(2.) 1. Hinil femora tndentate; frons irregularly rugose; vertex 


with four trans-carinw 1. alluaudi Kieff. 

(1.) 2. Hind femora bidentate. 

(4.) 3. Temples rugose and dull except shining raised space near 

eyes ; pro> and meso-notuxn closely rugose 2. inaiguia Schlett. 

(3.) 4. Temples smooth and shining. 

(6.) 5. Head large and globose; frons arcuate punctate . 3. globicepa Endeil. 

(5.) 6. Head ordinary ; frons not arcuate punctate. 

(XO.) 7. Frons rugose. 


(9.) 8. Frons obliquely rugose ; median segment diffusely punctate. 

4. eamerunua Knderl. 

(8.) 9. Frons subarounte rugose; median segment coarsely and 

partly couflueiitly punctate 6 . eraaaipaa Btschoff 

(7.) 10. Frons reticulate. 

(12.) 11. Vertex with one transcarina; 2nd and 3rd flagellar joints 
equal; mesopleurm smooth; black, with white-marked 

head and abdomen 6 . alhomaculatuaCam. 

(11.) 12, Vertex bicarinate ; 8rd flagellar joint as long as first and 
second together; mesopleuree granulose and dull; red- 
brown, abdomen yellow-marked 7. pantkeri Kieff. 

1. ALLUAUDI Kieff. 

Faoatephanm alluaudi Kieffei* (1), p. 1, $ . 

Pace and frons iiregularly rugose, becoming arcuate 
towanls the frontal tubercles, qiaoe bet^ween which is not 
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impressed; vertex with fonr transcarinae ; occiput finely and 
densely trans-striate. Posterior margin of head simple. Second 
flagellar joint about one and a half times as long as first ; third as 
long as first and second together. Neck transcarinate, semi- 
annular finely and densely trans-striate, posterior margin smooth 
and shining. Mesonotum irregularly rugose, with three longitu- 
dinal impressions; scutellum shining smooth, with a few marginal 
punctures, the lobes separated by rows of broad punctures. Med in n 
segment finely shagreened, sliining and diffusely punctate. Petiole 
finely trans-striate, longer than rest of abdomen. Terebra shorter 
than body, sheaths rufescent, apically black. Hind legs with 
C 0 X 8 B as long as trochanters and femora together, strongly trans- 
rugose; femora very finely shagreened, tridentate; tibiae con- 
stricted beyond the middle, covered internally with dense erect 
red pubescence; tarsi densely piibascent l^neath, metatarsus a 
liutle longer than the following joints together. 

Black ; head except apices of mandibles, basal third of antennae, 
the front coxae and legs, inflated part of bind tibiae and all tarsi 
red; apical third of antenna? and the intermediate legs brown. 
Wings subhyaline. 

Length 15 mm.; abdomen 9 mm. ; terebra 12 mm. 

Habitat : Madagascar, south of the Bay of Antongil and St. 
Marie de Madagascar. Three specimens taken by M. Ch. 
Alluaud. 

(? Gold Coast, N. Territories, Yahi. Dr. J. J. Simpson, xi. 1916). 

It is unfortunate that the type of the genus is the only one yet 
known with tridentate hind femora. 

2. iNSiQNis Schlett. 

Stephanus insignia Schlett., p. 100, $ . 

2 . Head rather coarsely and irregulai’ly rugose throughout. 
Templea subrugose and dull, except a raised smooth and shining 
space near the ocelli. Posterior margin of head simple. Cheeks 
longer than scape. Second flagellar joint twice as long as first ; 
third shorter than first and second together. Neck rather coarsely 
irregularly to transversely rugose; semiannular coarsely irregularly 
rugose. Mesonotum rather coarsely and irregularly punctate- 
rugose. Central section of scutellum anteriorly dull; behind this 
a small smooth polished space, laterally diffusely punctate, lateral 
lobes rather coarsely and densely punctate. Mesopleura? polished 
smooth above, laterally rugose with rather dense indistinct 
puncturation ; metapleur© coarsely and irregularly rugose, 
separated by a smooth shining sulcus from the median segment, 
which is somewhat densely punctate. Petiole as long as, or 
slightly longer than rest of abdomen, trans-striate, remainder of 
abdomen smooth and shining. Terebra scarcely as long as body, 
spicula red, the sheaths ferruginous, apicAlly black. Hind legs 
with cox« and femora much incrassate, former coarsely and 
irregularly rugose^ more transversely towards apex ; femora finely 
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Migose-punctate and dull, bidentate ; tibi» constricted to beyond 
middle. 

Black, with a tendency towards red; cheeks pale mai’ked, 
mandibles and antenum basally and frontal tubercles rufescent, a 
curved red line round anterior ocellus and all legs more or less red. 
Wings entirely hyaline. 

Length 14 mm. 

Habitat : South Africa. Type in Nat, Hist. Mus., Berlin. 

This species may be best known by the rugose and dull temples, 
the dense and irregular sculpture of pro- and meso-notum, dense 
puncturation of scutellum, and median segment and red sheaths 
of terebra. 

3. OLOBiCEPS Enderl. 

8te])hanu8 glohicepa Enderl. (1), p. 200, $ . 

$ . Head large and globose, its longitudinal axis very elon- 
gate, temples and occiput very long and convex. Prons arcuate 
punctate ; all five frontal tubercles distinct ; vertex coarsely trans- 
rugose ; occiput finely arcuate rugose, with distinct longitudinal 
impression; posterior margin of head sharply bordered. Basal 
flagellar joints normal. Neck elongate, smooth, laterally obliquely 
rugose; semianniilar trans-stria te, posterior margin smooth. 
Mesonotum strongly transrugose and punctate. Scutellum cen- 
trally polished, laterally strongly punctate. Mesopleur«e pubescent, 
smooth, apical half diflfusely punctate ; metapleui*® alutaceous and 
dull in fiont, coarsely punctate behind, separated from median 
segment by a row of punctures. Median segment punctate, 
apically more densely. Abdomen wanting in the unique specimen. 
Hind coxae finely trans-striate, their femora elongate, tarsi three- 
jointed. 

Black ; head ferruginous yellow ; apex of mandibles and a 
transverse baud between eyes black ; five basal antennal joints, 
anterior legs, apices of hind femora with their tibiie and tarsi 
ferruginous. Wings hyaline, very faintly infuscate; stigma and 
nervures dark brown. 

Length circa 14 mm., the proportions of the remaining parts 
being about as in N. inaignis Schlett. 

Habitat : Johann Albrechtshohe, N. Oameroons. Mai'ch 1896 ; 
L. Conradt. 

The shape, sculpture, and colour of head appear distinctive. 

4. CAMERUNUS Enderl. 

NeoaUphanus oamerunua Enderl. ( 4 ), p. 299, 5 rf . 

$ <J . Head medium ; frons coarsely obliquely rugose, more 
transversely in front, almost circularly between the tubercles ; 
vertex strongly, occiput less strongly arcuate rugose, with distinct 
posterior median impression. Posterior margin of head bordered. 
Basal flagellar joints normal. Neck short, coarsely obliquely 
rugose; semiannular smooth, posterior margin polished. Meso- 
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notum apically punctato-rugose, dorsally alutaceous between deep 
but diffuse punctures; scutellum polished smooth, latemlly 
diffusely punctate, a row of about 10 subquadrate punctures on 
each side between it and the dorsum. Mesopleurce with small 
and diffuse punctures and microscopic shagreening ; metapleuree 
widely I’eticulate, smooth above, separated from median segment 
by a Carina, which passes into a row of punctures above in front. 
Median segment with diffuse, sharply-defined punctures, anterior 
lateral angles neai'ly smooth, apex rugose-punctate round the 
insertion of petiole. Petiole slender, finely trans-aciculate, 
extreme apex polished, longer than rest of abdomen in d , shorter 
in 2 ; second segment basally rugose, remainder smooth. 
Terebra in 2 twice as long as body, ferruginous brown, sheaths 
brown, broadly white-banded before apex. Hind coxae rather 
slender, finely reticulate outside, trans-aciculate inside ; femora 
bidentate. Radius in fore wing sharply geniculate and extending 
nearly to margin of wing. 

Black ; head — except mandibles apically, vertex, and space 
between frontal tubercles, — five basixl antennal joints, all 
trochanters, tibiae and tarsi, apices of hind femora, petiole 
laterally, apical segment dorsally only in 2 » entirely in d , and 
the male genitalia ferruginous; anterior femora brown. Wings 
hyaline, apically slightly infuscate; stigma and nervures brown. 

Length, 2» mm.; abdomen 13 mm.; petiole 5| mm. ; fore 
wing fl mm.; terebra 37 mm. <5*, 13 mm.; abdomen 8 mm.; 
petiole 5 mm. ; fore wing 11 mm. 

Habitat : Barorabi, Cameroons. 1 $ , 1 c? ; Oonradt. 

5. CRAssiPBS Bischoff. 

Neostephanus crassipes Bischoff, p. 329, 2 • 

2 . Frons subarcuate rugose ; vertex transrugose ; occiput 
punctate-rugose with central impression; posterior margin of 
head bordered. Antenme normal. Prothorax smooth, laterally 
obliquely rugose ; mesonotum irregularly punctate rugose ; 
scutellum smooth, laterally strongly punctate, Mesopleurae 
diffusely punctate ; metapleurre coriaceous in front, rather closely 
punctate behind, separated by a row of strong punctures from 
the median segment, which is coarsely, densely, and pai*tly 
confluently punctate. (Details of petiole wanting.) Terebra 
much longer than body, sheaths black, wbite-banded before 
apex. 

Black to black-brown ; face below anterior tubercles, temples, 
cheeks, occiput laterally, four basal antennal joints, second segment 
laterally^ third basally and ventrally, last segment entirely, hind 
trochanters, apices of hind femora, all tibiaa and tarsi more or less 
yellow-brown. 

Length 19 mm, ; terebra 27 mm. 

Habitat: Kasindi, north of Lake Albert Edward. Jan, 1908*. 

Details as to the sculpture etc. of abdomen and as to hind legs 
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are wanting in the original description, and the unique specimen 
of iT. globicepa was without abdome»i while tlie only details as to 
the hind legs are that the coxfe are trans-striate and the femora 
elongate. 

Apparently very like A. globicepa Enderl., but frons less 
arcuately rugose, space between tubercles trans-striate, sculpture 
of occiput coarser and the impression less deep, puncturation of 
metapleursB and median segment confluent. 

6. ALBOMACUIiATUS Cam. 

Fcenidopua alhomamlatua Cam. (7), p. 18, 2 . 

2 . Frons closely and regularly reticulated ; vertex dull, 
irregularly reticulate, with a transcariiia behind tubercles ; 
occiput irregularly closely striate, with an indistinct longitudinal 
impression. Second and third flagellar joints of equal length. 
Neck irregularly trans-striate, semiannular lightly reticulate; 
mesonotum basally reticulate, laterally obliquely striate; scutellum 
smooth and dull. MesopleursB smooth ; metapleurse finely 
i-eticulate. Median segment with round, clearly separated 
punctures, and microscopic sculpture. Petiole as long as thorax ; 
terebra as long as body, sheaths black. Hind coxae dull, coarsely 
aciculate, basally reticulate, apically striate ; hind femora with a 
blunt, rounded basal tooth and two other long-pointed teeth. 

Black; clypeus and a large spot on malar region whitish 
testaceou.s ; mandibles basally and the carina on vertex rufescent ; 
base and apex of petiole and a transverse spot at base of secoad 
segment white. Wings hyaline; stigma and nervures black. 

Length 12 mm.; terebra 12 mm. 

Habitat : Sebakwe, 8. Rhodesia. 

7. TENTHERI Kieff. 

Neoatephanua penOtAri Kieflfer (8), p. 101 ; Morley (1), p. 1 1 1, d . 

d . Frons dull, reticulate ; vertex with two transcarinm ; 
occiput finely rugose. Antenn® normal. Prothorax trans- 
rugose ; mesonotum very short and transverse, finely ahagreened, 
as is also the scutellum. Mesopleur® closely graaulose and dull ; 
metapleiir® trans-striate and shining, separated by a carina from 
the median segment, which is as long as broad, reticulate and 
diffusely punctate. Petiole finely trans-striate, as long as re- 
maining segments. Hind legs with cox® transrugose; femora 
bidentate; tibi® compressed in basal half ; tarsi five- jointed, meta- 
tarsus longer than the four following joints. 

Red -brown ; mandibles black, antenn® basally pale, base and 
apex of petiole and a basal spot on each side ot third segment 
yellow. Wings subhyaline ; stigma black, basally white. 

Length 10 mm. 

Habitat : Zerua, 8. Africa. Taken by Hr. Pentber in November. 

The British Museum has a specimen taken in Angola in 1878 
by J. J. Monteiro, 
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F<bnatopus Smith. 

This subgenus was erected in 1860 by Smith, to include all 
those species of Stephwnua having reduced venation, but was 
restricted by Enderlein (ZooL Auz. xxviii. 1906) to those having 
only tho basal cells complete, and a portion of the median nervure 
beyond the transverse nervure representing the upper boundary 
of the submedian cell. In JDiastephamis this part of the median 
nervure is either entirely wanting or reduced to a mere stump. 
Although these subdivisions of the Stephanidaj may be said to be 
purely artificial, yet, since some of them appear to be confined to 
certain regions, and no transition forms are known, they seem to 
be founded on permanent differences, and are of the highest value 
in identifying the numerous species. 

The number of teeth on the hind femora and the length of the 
petiole as compared with the rest of the abdomen, and, in the $ , 
the length and colour of the terebra and its sheaths, are among 
the best characters for differentiation. 


Table of Species. 

(25.) 1. Hind femora bidentato. 

(10.) 2. Petiole distinctlylonger or shorter than rest of abdomen. 

(12.) 8. Petiole distinctly longer than rest of abdomen. 

(5.) 4. Sheaths of terebra black ; head arcuate striate .. 1. ooellatuB Elliott. 

(4.) 6. Sheaths of terebra pale-banded before apex. 

(7.) 6. Sheaths of terebra white-banded 2. indicus Westw. 

(6.) 7. Sheaths of terebra yellow-banded. 

(9.) 8. Terebra only as long as body 8. Bumhcmut Enderl. 

(8.) 0. Terebra much longei than body. 

(11.) 10/ Mesopleuree closely punctate; 2nd segment basally smooth 

and shining 4. /omoaantta Enderl. 

(10.) 11. Mesopleurao very diffusely punctate; 2nd segment basally 

granulate and dull 6. Enderl. 

(3.) 12. Petiole distinctly shorter than rest of abdomen. 

(14.) 13. Terebral sheaths ferruginous, broadly yellow-banded, ajiex 
black. Hoad pale marked ; middle tibiae and hind meta- 
tarsus white 6. Enderl. 

(13.) 14. Terebral sheaths not yellow-banded ; vertex ti'ansrugose. 

(15.) 14a* Sheaths ferruginous, apex black; mesouotum irregularly 
coarsely rugose; scutellum smooth and shining; metapleurie 
and median segment alutaceous, separated by a carina. [Schultz. 

7 . fernandopoensiM 

(14a.) 15. Sheaths brown, apex black; mesonotum and scutellum 
densely rugose-punctate, latter with central smooth space ; 
metapleuraB and median segment densely superficially 
punctate, not separated 8. BchUttBrtri Enderl. 

(2.) 16. Petiole about as long as abdomen. 

(18.) 17. Pronotum very short, densely rugose-punctate ; terebra 

shorter than body, sheaths yellow-brown 9. brevioolliB Enderl. 

(17.) 18. Pronotum not very short. 

(22.) 19. Pronotum normal. 
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(21.) 20. Neck oblique ragose, lemiannalar rugoee-pnnctate ; ttiMo- 
pleurn piniotate : terebra at long as body, sheaths red- 
brown, apex black 10. eoaradi^i Enderl. 

(20.) 21. Neck trans-striate, semiannular and mesopleurse smooth and 

shining ; terebra shorter than body, black, white-banded [Schlett. 

; before apex .. 11, lacMptnnU 

(19.) 22. Pronotum very elongate. 

(24.) 28. Neck trans-striate, semiannular and mesoplearie smooth. 

12. ImgieollU Cam. 

(23.) 24. Pronotum transrugose throughout. Rufo-piceous, abdomen [Semenov, 
white-marked 18. turcomanorum 

(1.) 2o. Hind femora tridentate. 

(29.) 26. Neck of pronotum very elongate. 

(28.) 27. Neck of prothorax alutaceous ; hind femoral teeth black. 

14. timpioni Kieff. 

(27.) 28. Neck of pronotum finely striate; middle and apical hind 

femoral teeth white 16. ^ariiden$ Elliott. 

(26.) 29. Neck of pronotum not elongate. 

(31.) 30. Neck of pronotum very short ; petiole shorter than rest of 

abdomen ; terebra as long as body 16. areuatns Kieff. 

(30.) 31. Pronotum of ordinary length. 

(36.) 82. Prons striate, but not arcuately. 

(34.) 33. Frons finely trans-striate, occiput alutaceous ; petiole shorter 
than rest of abdomen ; terebra shorter than body. 

17. natalieus Westw. 

(33.) 34. Prons rugosely trans-striate, occiput smooth ; petiole longer 
than rest of body ; terebra 1^^ times as long as body. 

18. longicauda Elliott. 

(32.) 86. Prons arcuate rugose. 

(37.) 36. Frons sparsely, almost gran ulately rugose; pronotum strongly 
tmns-striatc ; legs rufescent; basal and central femoral 
teeth white, the apical black 19. rugiceps Elliott. 

(36.) 37. Frons moderately arcuate striate to rugose; vertex and 
occiput trans-striate. 

(41.) 38. Neck of prothorax smooth. 

(40.) 39. Pronotum entirely smooth ; terebra shorter than body, black. 

20. piceicomU Cam. 

(39.) 40. Rost of pronotum trans-striate; terebra half as long again 

as body, white-handed 21. iridipsnnit Elliott. 

(38.) 41. Neck of pronotum striate or rugose. 

(43.) 42. Pronotum strongly transrugose; lateral lobes of scutellum 

closely paiietatc 22. punetatus Elliott. 

(42.) 43. Nock of pronotum more or less coarsely obliquely striate, 
remainder alutaceous. 

(46.) 44. Motapleuree and median segment confluent, coarsely and 
superficially punctate. Terebra as long as body, ferruginous. 

23. togoenaia Stadlm. 

(44.) 46. Metapleurn and median segment separated by a line of 
punctures, diffusely punctate ; terebra shorter than body, 
black 24. elaripennia Elliott. 

(6.) 1. Hind femora bidentate. 

(3.) 2. Scutellum depressed, coarsely punctate ; petiole shorter than 
rest of abdomen; 2nd segment basaily longitudinally 
striate. Black; head bright rufo- testaceous ... 26. araf Kiiderl. 

(2.) 3. Scutellum not depressed, only laterally punctate; petiole 
longer than rest of abdomen; 2nd segment basaily smooth. 
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(5.) 4. Front and oocipnt finely tfantrugOBd ; proiibtutn transrugose 
tfiroughout; 2nd tegment apically dull. Black; bead 
yellow; vertex and occiput black 4. formo%anu9 Enderl. 

(4.) 6. Front coriaoeo-rugOte, vertex and occiput trautrugoso; nOck 
elongate, tmutrugose, aemiannular smooth ; 2nd segment 
batally iinooth and shining. Black ; head red, pale marked. 

2. I’adicue Westw. 


(1.) 6. Hind femora tridentate. 

(10.) 7. Anterior frontal tubercles normal, larger than the posterior. 

(9.) 8. Front transru^ose, occiput alutaci^out; pronotum trant- 
striate; petiole longer than rest of abdomen. Rufo- 
testaceons, median segment apically black 16. natalicua West^. 

(8.) 9. Front arcuate rugose, occiput finely transrugose and 
impressed; neck oblique striate; seraiannular alutaceo- 
punctate ; petiole at long as, or slightly shorter than rest 
of abdomen. Black ; head, thorax, and legs ferruginous. 

22. toffoensis Stadlm. 

(7.) 10. Anterior frontal tubercles smaller than the posterior ; vertex 
arcuate striate ; iiiesonotum irregularly striate. Black ; 
face, outer orbits, vertex, prothorax except centml black 
line, mesoo and meta-pleurx, and anterior legs testaceous. 

26. flavioolHs Cam. 


1. OCELLATUS Elliott. 

Fo^natopuB ocellatua Elliott (2), p. 131, $ . 

5 . Head arcuate striate, occiput more finely ; three strong 
carinse between the posterior ocelli; posterior margin of head 
bordered ; second flagellar joint one and a half times as long as 
first ; third as long as first and second together. Neck elongate, 
trans-striate, remainder of pronotum , subglabrous ; mesonotnm 
coarsely punctate ; pra- and meso-pleura3 glabrous, metapleuiie 
and median segment cribrate punctate. Petiole trans-striate, 
longer than rest of abdomen ; terebra shorter than body, black. 
Hind legs with coxse trans-striate ; femora smooth, bidentate ; 
tibiie ^oppressed to middle. 

Black ; bead and base of antennae rufescent, ocellar region pale, 
and the ocelli deep, shining black ; basal third of middle tibise 
and basal half of their metatarsi white. Wings hyaline, stigma 
vellow-browil. 

Length 13 mm.; abdomen 8 mm.; petiole 4| mm.; terebra 
10 mm. 

Habitat: Mount Matang, Sarawak. 18. i. 1914; G. E. Bryant. 

The deep black ocelli are strikingly conspicuous against the pale 
rufescent background. 

2. HfDicms Westw. 

StephanuB itulicus Westw. (2), p. 588 ; (3), p. 277 ; Schlett., 
p. 125, 2 (5 • Megiachus ii^icua Westw. (4). Fcanatopua 
ruficepa Smith (2), p. 58, $ . Foenatopita indicua Enderl. (i), 
p. 290, ? , ( 4 ), p. 297 ; Morley ( 1 ), p. 36, ? c? . 

$ , FroiiS finely coriaceo-rugose ; occiput finely trans-striate, 
with a shallow central longitudinal impression. Posterior margin 
of head bordered. Second flagellar joint one and a half times as 
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long first; third nearly as long as first and second together^ 
Neck elongate, very slender and finely tranarugoee above; 
semiannular shining smooti), laterally subrugose. Mesonotum 
lightly transrugose. Scutellum smooth and shining, with a few 
marginal punctures. Mesopleurfe polished smooth above, other- 
wise diffusely punctate ; metapleurse and median segment super- 
ficially cribrate punctate, not separated by any sulcus. Petiole 
slightly longer than rest of abdomen, rather shorter than hind 
coxsB. trochanters, and femora togetlier, very finely trans-striate, 
remaining segments entirely smooth. Terebra slightly longer 
than Iwdy, sheaths white-handed before apex. Hind legs with 
coxae slender, finely transrugose; femora dull, bidentate ; tibia 
longer than femora, compressed to beyond middle. 

Black ; head red, frons and temples pale marked, anterior legs 
more or lees brown, intermediate tibiae and tarsi white-marked. 
Wings liyaline. 

6 . Siinilai', but more coarsely sculptured, especially on median 
segment. 

Length 11-14 mm. 

Habitat: East India, Ceylon, Malabar, Philippibes, Borneo, 
Buinbava, Celebes. Sumatra, a specimen measuring 19 mm. 
recorded by Dr. Dobrn. 

Enderlein (Lc.) records specimens of this species, taken by 
Dr. Dobrn in Sumatra, having the impression on occiput more 
distinct, neck of pronotum more coarsely transrugose, semiannular 
transaciculate in front, basal two-thirds of second abdominal 
segment polished smooth, remainder of abdomen dull, and hind 
femoral teeth black. Length 19-20’6 ; terebra 21-23 mm. This 
may prove to be a distinct species, 

‘‘Var. (?) Face finely alutaceo-rugose. Certainly a 

different species.” Sz^pligetti, Term^s, Fiiz. xxv. p. 531 (1902). 

Habitat : Borneo. 

3. SUMBANUS Enderl. 

Fmnatopm indicm var. sumhana Enderl. ( 4 ), p. 298 ; F* 
mrnbanus Enderl. (3), p. 209, $ . 

5 . Frons finely coriaceo -rugose, occiput finely trans-striate ; 
posterior margin of head slightly bordered. Second flagellar 
joint about one and a half times as long as first ; third nearly as 
long as first and second together. Neck deeply transrugose, 
laterally finely and closely trans-striate, semiannular smooth 
above, without trace of sculpture, laterally finely and closely 
trans-striate, posterior angles strongly transrugose. Mesonotum 
irregularly to transversely rugose. Scutellum smooth, lateially 
finely aciculate with marginal punctures, Mesopleune rather 
smooth, diffusely punctate, witn a central rugose and closely 
trans-striate space. Metapleura and median segment with large 
cribrate punctures. Petiole very finely and closely trans-striate, 
longer than rest of abdomen; second segment basalJy rugose, 
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centrally smooth, apically microscopically sculptured and dul)« 
Terebra as long as body, sheaths black, with yellowish subapical 
band. Hind coxee trans-striate ; hind femora bidentate. 

Black ; head flavo-ferruginous, frons and veHex darker ; basal 
half of second segment rufescent ; anterior coxie and legs, hind 
tibife and tarsi ferruginous, femoral teeth rufescent. Wings 
hyaline, stigma very long and narrowish, brown ; nervures datk 
brown. 

Length 16 j| mm.; petiole 5*4 mm.; terebra 16^ mm.; fore 
wing 9 mm. 

Habitat : Sumba, Malay Archipelago. 1 $ ; Grelak. Type at 
Stettin. 

Differs from F, induyns in the sculpture of prothorax, shorter 
terebra, and colour. The femoral teeth are rufescent, whereas in 
F, indAcuB they are black (Enderlein), or white (Schlett.); the 
black apex of terebral sheaths is more than half as broad as the 
pale su^pical band in sumhanuSy but very much less in indicus, 

4. FORMOSANirs Enderl. 

FiBnatopua formosamis Enderl. (3), p. 207, $ 6 . 

$ cf . Frons rather finely and irregularly transrugose, the 
ridges outwardly forked ; occiput more finely rugose, with indis- 
tinct longitudinal median impression. Pronotum transrugose, 
more densely towards base, and intermixed with coarse punctures, 
lateral margins smooth, a broad posterior margin polished smooth 
and in front of it two roundish lateral spaces very finely and 
densely striate, having a velvety appearance, posterior angles 
strongly rugose. Scutellum polished smooth, laterally sparsely 
punctate. MesopleuTO rather closely punctate, posterior margin 
very finely punctate and sparsely yellow pubescent. Petiole finely 
and densely trans-striate : second segment basal ly smooth and 
shining, apical half dull. Terebra in $ much longer than body, 
sheaths black, with a broad yellow band before apex. No details 
as to the hind legs are given. 

Black ; in $ frons black-brown, with three longitudinal rufo- 
testaceous lines, vertex and occiput black, remainder of head 
ferruginous yellow ; in iS head light yellow, vertex and occiput 
black. Antennae black, two Imsal joints yellow, third brown. 
Anterior legs from femora red-brown, tibiae and tarsi in cf paler. 
Hind tarsi, sometimes also hind tibiae, dark red-brown. Wings 
hyaline, stigma pale brown, nervures black-brown, apical nervure 
of median cell more or less pale. 

Length, $, 12-4-17-75 mm.; petiole 4*5-7 mm.; terebra 16‘5- 
24*6 mm. ; fore wing 7*5-l0*75 mm. cf i 10^-16| mm. ; petiole 
4*6-6 mm.; fore wing 5*3-9 mm. 

Habitat: Formosa, many localities, by H. Sauter, 1909-12 ; 18 
5 $ , 12 6 6 • Oo-types in Dahlen and Stettin Museums. 

One large 5 , taken by H. Sauter in Hankau in 1912, bos the 
nervure bounding the median cell pigmented throughout. Length 
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21*5 mm. ; petiole 7 mm. ; terebra 29 mm. \ fore wing 12*6 mm. 
Enderlein states that the development and pigmentation of the 
nervure mentioned varies with the size of the individual, being 
shortest and palest in the smallest. 

6. SULOATIOOLLIS Enderl. 

Fcenatopua hidicus var. mlcaticollis Enderl. (4), p. 298. F. 
sukaticoUi$ Enderl. (3), p. 210, $ . ^ 

5 . Frons finely coriaceo-rugose ; occiput finely trans-striate, 
temples smooth polished ; posterior margin of head slightly 
bordered. Second fiagellar joint about one and a half times as 
long as first ; third nearly as long as first and second together. 
Pronotiim not rugose, but finely and densely trans-striate 
throughout, exce23t the rugose posterior lateral angles and the 
smooth posterior margin. Mesonotum transrugose; scutellum 
smooth, With diffuse coarse maiginal punctures. Mesopleuite 
smooth, very diffusely punctate ; metapleursB and median segment 
cribrate punctate. Petiole finely and densely, but unusually 
superficially ti'ans-striate, slightly longer than rest of abdomen ; 
second segment with basal sixth granulate, apical half dull, 
central part smooth and shining. Terebra longer than body, 
sheaths black-brown with broad yellow subapical band. Hind 
coxaB more strongly trans-striate than the petiole ; hind femora 
bidentate. 

Black; head and three basal antennal joints ferruginous; 
apices of tergites 2-7 brownish ; anterior coxic dark ferruginous, 
anterior tarsi paler, hind tarsi black-brown. Wings hyaline, 
stigma very narrow, brown ; nervures dark brown. 

Length 18 rum. ; petiole 64 mm. ; terebra 23 mm. ; fore wing 
9j mm. 

Habitat: Sumatra (Dr. Dohrn). Type in Stettin Museum. 

From F. indicus Westw\ and F, siimhanm Enderl. it differs in 
sculpture of pronotum and petiole as well as in colour, and from 
the latter also in the longer terebra. 

6. ANNULiTARSis Enderl. 

Fmnatopus anniditarsia Enderl. (3), p. 206, $ . 

$ . Frons, vertex, and occiput arcuate rugose. Pronotum 
strongly transrugose, laterally finely aciculate, posteriorly longi- 
tudinally striate; scutellum coarsely and densely punctate, 
posterior margin finely aciculate. Mosoplearro smooth, closely 
punctate, posterior margin finely trans-striate, upper half yellow 
pubescent. Petiole finely and densely trans-striate; second 
segment smooth, basally rugose, remainder of abdomen dull. 
Terebra shorter than body, sheaths ferruginous, with indistinct 
yellow-brown band before the black apex. Basal half of hind 
coxae transrugose ; hind femora bidentate. 

Black ; face, cheeks, and temples ferruginous yellow ; hind 
legs partly dark ferruginous; middle tibiie and metatarsus 
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basally, hind mefeatarsus entirely whitish yellow. Teeth on hind 
femora black. Wings hyaline, stigma pale brown. 

Length 9-14J mm. ; petiole 2*4-*3*6 mm, ; terebra 7*8- 
11 ‘6 mm. ; fore wing 5*7~7*8 mm. 

Habitat : Taihorin, Kankau, Hoozan, Formosa. 1910-12 ; 
H. Sauter. CJo-types in Dahlen and Stettin Museums. 

7. FERNANDOrOENSIS Schultz. 

FmncUopm fernandopoensia Schultz (1), p. 273, $ . 

2 • Frons finely and densely arcuate rugose, dull, with 
subobsolete longitudinal carina ; vei*tex coarsely transrugose ; 
occiput finely and irregularly rugose ; cheeks finely and sparsely 
punctate. Posterior margin of head finely bordered. Basal 
flagellar joints normal. Pronotum alutaceo-rugose, extreme 
posterior margin polished smooth, laterally and apically diffusely 
punctate. Mesonotum irregularly and coarsely transrugose ; 
scutellum centrally smooth and shiniiig, laterally finely punctate 
and dull. Mesopleurse with posterior larger half closely punctate. 
Metapleur^e and median segment finely alutaceo- punctate, latter 
discally diffusely and coarsely punctate, separated by a carina. 
Petiole finely and densely trans-striate, shortei* than rest of 
abdomen. Terebra shorter than body, spicula and sheaths ferru- 
ginous, latter apically black. 

Black; mandibles except apex, face and cheeks rufo-testaceous ; 
ferruginous are five basal antennal joints, anterior legs (coxa*, 
trochanters, and femora nigrescent), hind coxa^ apically, hind 
trochanters chiefly, basal half and apex of hind tibiee and the 
tarsi, basal band on second and third abdominal segments, apex 
of third iergite obscurely and apex of last steriiite. All the last 
tareal joints and the claws black. Wings hyaline. 

Lefigth 9 mm. ; terebra 7 mm. ; fore wing 5 mm. 

Habitat : Fernando Po. Type in coll. W. A. Schultz. 

8. SCHLBTTERERI Enderl. 

Stephanus schlettereri Enderl. (1), p. 201, ? . Fmnatopus schL 
(8), p. 474. 

2 . Frons transrugose, with indistinct central carina ; vertex 
coarsely transrugose ; occiput irregularly and finely nigose- 
punc^te ; temples smooth, subrugose near the eyes. Posterior 
margin of head sharply bordered. Neck almost smooth ; semi- 
annular polished smooth, laterally punctate. Mesonotum and 
Bcutellum densely rugose-punctate, latter with a small smooth 
central space. Metanotum not longitudinally striate. Meso- 
pleursB smootli, diffusely and superficially punctate ; metapleur® 
and median segment not separated, densely and superficially 
punctate. Petiole finely trans-striate, shorter than remainder of 
abdomen, Terebi*a rather shorter than body, sheaths yellow- 
brown, apically black. Hind coxes finely trans-striate. 
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Black ; mandibles except apex, basal half of antennsa, a streak 
on temples along eyes, the tegulsa, tibi^ and tarsi yellow. Wings 
colourless hyaline. 

. Length 10-11 mm. 

Habitat : Johann Albrechtshohe, N. Cameroons. L. Gonradt ; 
1895-96. 

Differs from F, brevicollia Enderl. in the formation of the pro- 
pleura?, reticulate transrugose face, longer and smoother pronotum, 
and shorter petiole. 

9. BRBVicoLLis Enderl. 

Stephanm hrevicollia Enderl. ( 1 ), p. 201, J. FceiKdopm b, 
(2), p. 474. 

5 . Head densely granulate rugose ; vertex transrugose ; 
occiput densely punctate rugose. Posterior margin of head 
sharply bordered. Second tbigellar joint a little longer than 
first ; third and fourth as long as scape and about as long as first 
and second together. Pronotum short, densely punctate rugose ; 
mesonotum and scutellum densely pimcta.te, latter without any 
central smooth space : metanotum finely transrugose. Propleurse 
separated from prothorax by a distinct acute-angled sulcus, 
j)roduced into free-standing edges, which, seen laterally, appear 
like two sharp points. MesopleursB above smooth and shining, 
lower half punctate ; metapleurse and median segment sepamted 
only by a smoother streak, and both closely punctate. Petiole 
extremely finely trans-striate, as long as rest of abdomen, 
Terebra rather shorter than body; the spicula and sheaths, 
except black apex, yellow-brown. Hind coxfe finely trans- 
striate. 

Black; mandibles except apex, three basal antennal joints, 
iegulas anterior tibiae and all tarsi yellow-brown. Wings hyaline. 

Length 7-10 mm. 

Habitat: Bismarcksburg, Togo. L. Conradt; 1893. 

This species appears to differ from all others in the peculiar 
formation of the propleurae. From F, scklettereri Enderl. it further 
differs in the shorter prothorax and coai-ser sculpture of pro- and 
meso-notum. 

10. coNRADTi Enderl. 

Stephcmus conradti Enderl. (1), p. 202, $ . Fmnatopus c. (2), 
p. 474. 

5 . Frons very densely arcuately longitudinally rugose ; vertex 
with three or four coarse ridges; occiput densely irregularly 
rugose, with subobsolete central channel. Temples subrugose 
near the eyes. Posterior margin of head slightly bordered. Basal 
flagellar joints normal, third slightly shorter than fourth and as 
long as scape. Neck obliquely rugose, remainder diffusely 
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punctate. Mesonotum indistinctly transrugose ; Hcutellum 
nitidulous, with fine and diffuse small punctures. Metanotum 
relatively elongate, sharply longitudinally striate. Propleuree 
separated from pronotum by a narrow sulcus; mesopleuiie 
rugose-punctate; metapleurae rugose, apically trans-striate below, 
sparsely aciculate above. Median segment not very closely 
punctate, separated from the metapleurae by a shining, curvate 
impression. Petiole finely striate, about as long as rest of 
abdomen. Terebra slightly shorter than body, sheaths red-brown, 
apically black. Hind coxae finely trans-striate. 

Black ; mandibles basally, six basal antennal joints, anterior 
legs, apices of hind femora, basal half of hind tibiro and hind tarsi 
r^-brown or chestnut. Wings hyaline, nervures brown. 

Length 15 mm. 

Habitat: Bismarcksburg, Togo. L. Conradt; March 1893. 

11. LACTEIPENNIS Schlett. 

Siephanua Incteipennis Schlett., p. 119, $ , 

$ . Frons rather finely and arcuately piinctato-rugose ; vertex 
arcuately rugose, occiput gmdually more irregularly. Posterior 
margin of head simple. Basal flagellar joints normal. Nock 
finely but distinctly trans-striate; semiannular smooth .and 
shining, apically and laterally finely trans-striate. Mesonotum 
rather coarsely transversely punctato-rugose. Bcutellum with 
larger section smooth, lateiul lobes diflfusely punctate. Meso- 
pleune smooth and shining, rugoso -punctate in front ; meta- 
pleurae and median segment very coarsely cribrate punctate, 
separated by an indistinct sulcus. Petiole finely trans-striate, 
about as long as remainder of abdomen and distinctly shorter 
than the hind coxic, trochanters, and femora together; second 
segment basally finely rugose, rest of abdomen dull. Terebra 
slightly shorter than body, sheaths black, white-handed before 
apex. Hind legs with coxae di.stinctly trans-stiiate ; femora 
anteriorly shining smooth, posteriorly finely trans-stiiate and 
rather dull, bidentate ; tibiae not longer than femora, compressed 
to beyond middle. 

Black ; bead, mandibles basally, and scape fenaiginous ; a pale 
streak fron- cheeks along eyes; anterior legs chestnut-brown, 
their joints pale marked. Wings milky white. 

Length 22 mm. 

Habitat : Borneo. Type in National Museum, Budapest. 

The peculiar milky-white wings and short tibia) are distinctive 
of this species. 

12. LONOiooLLis Cam« 

Megiaeleim lomjicollia Cam. (8), p. 32, $ . 

5 . Frons coarsely and closely striate, obliquely above, trans- 
versely below ; vertex and occiput closely obliquely striate, latter 
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with indistinct impression. (No details as to the proportions of 
the antennal joints are given, and these are broken oflf in the 
co-type in the British Museum.) Prothorax elongate, deeply 
incised at apex, the incision basally rounded ; neck trans-striate, 
semiannular smooth, Mesonotum basally coarsely and irregularly 
reticulate, apically centrally impressed and laterally irregularly 
punctate. Scutellum smooth, laterally punctate. MesopleursB 
smooth, basnlly pilose; metapleurre rugose. Median segment 
closely and coarsely punctate rugose. Petiole trans*striate, about 
as long as the smooth remainder of abdomen, Terebra longer 
than body, white-banded before apex. Hind coxje closely but 
not strongly striate ; hind femora bidentate. 

Black : head pale rufous, orbits yellowish, three basal antennal 
joints, anterior legs, and base of second segment rufescent ; pro- 
tliorax brownish. Wings clear hyaline, stigma and nervures 
black. 

Length 18-20 mm. ; terebra 20-22 mm. 

Habitat : Hai'awak (Robert Shelf ord). 

13. TUBCOMANORUM Semonow. 

Stephanus Utrcomanoritm Semenow, p. 435 ; Andr4, p. 488, J . 

2. Face and frons coarsely subtransversely rugose; vertex 
with two ti'anscarimc enclosing a falcate space ; occiput trans- 
rugose; temples finely subrugose above, with a shining raised 
space near external margin of eyes, beneath which they are 
coriaceous ; posterior margin of head simple but sharp. Third 
flagellar joint longer than second, but shorter than first and second 
together. Pronotum regularly transrugose, neck elongate. 
Mesonotum in front irregularly punctato-rugose, behind more 
feebly and subarcuately rugose. Mesopleur© densely coriaceo- 
rugose ; metapleuree and median segment reticulate rugose, 
scarcely separated. Petiole finely and densely trans-striate, about 
as long fls rest of abdomen. Terebra about as long as body, 
sheaths unicolorous nigro-piceous. Hind legs with coxaB regularly 
transrugose; femora finely coriaceous, dull, bidentate; tibiee 
constricted in basal two-thirds, and at the base of the clavate 
part irregularly and strongly impressed as if mutilated. 

Rufo-piceous ; head, thorax, and legs chiefly rufescent ; base 
and apex of petiole and two roxind spots on basal third of second 
segment white. Wings hyaline, stigma and nervures fuscous, 
former basally white. 

Length 10 mm. 

Habitat: Trariscaspia ; one $ taken near the military road to 
the station of Tedshe on the river of that name. Type in Mus. 
Zool. Acad. Ccesar Scient. at Petropolsky. 

This species is not unlike F, indiom Westw., but distinguished 
by the coarse sculpture of head and temples, and by the white- 
marked petiole and second segment. 



792 


MR. E. A. ELLIOTT ON THE 


14. siMPSONi Kieff. 

F(enatopitB simpaoni Kieffer ( 6 ), p. 233, $ . 

$ . Head subglobose, dull ; frons coarsely and irregularly 
rugose, reticulate between tubercles, with median longitudinal 
Carina ; vertex transcarinate ; occiput reticulate. First flagellar 
joint lialf as long as scape, second one and a half times as long as 
first ; third and fourth of equal length and each twice as long as 
second, Pronotum elongate, dull, alutaceous, more strongly 
behind; mesonotum reticulate; propleur® and sternum coria- 
ceous; meso- and meta-pleurae, scutellum, and median segment 
alutaceous, with large and diffuse punctures. Petiole densely 
trans-striate, as long as rest of abdomen. Terebra shorter than 
body, “ composed of two red filaments, apically black and spatu- 
late, without sheaths.” The absence of the sheaths must have 
been due to accident. Hind coxsb closely trans-striate; hind 
femora tridentate, finely and indistinctly trans-striate; hind 
tibise only apically slightly inflated. 

Black; mandibles except apices, cheeks, 4-5 bnsal antennal 
joints, a distal spot on each side of third segment, tibiae and tarsi 
red ; a spot on temples, one on vertex and the trochanters dull 
red; anterior femora and apical third of hind tibiae brown -black; 
hind femoral teeth black; middle inotaiarsus whitish. Wings 
hyaline, stigma linear, yellowish hyaline. 

Length 11 mm.; abdomen 6 mm.; petiole 3 ram.; terebra 
10 mm. 

Habitfit: lion, South Nigeria; 13. iii. 1910; J. J. Simpson, 
Entom. Research Committee. 

15. VARiiDENS Elliott ( 4 ), p. 267, $ . 

Ffenatopm mriidens Elliot (4), p, 257, $ . 

5 . Frons and ocellar space very finely striate ; vertex and 
occiput transversely, almost arcuately striate ; posterior margin 
of head strongly bordered. Cheeks slightly shorter than scape. 
Second flagellar joint one and a half times as long as first ; third 
nearly as long as first and second together. Prothorax finely 
trans-striate, neck elongate, apically above deeply incised. Meso- 
notum irregularly rugose-punctate, central row of punctures 
distinct; scutellum centrally smooth, lateral lobes punctate. 
MesopleurcB smooth; metapleureo and median segment cribrate 
and confluent. Petiole finely trans-striate, slightly shorter than 
rest of abdomen. Terebra longer than body, with a 3 mm. broad 
white band before the 1 mm. broad black apex. Hind coxae 
trans-striate; femora smooth, tridentate; tibiae slightly longer 
than femora, compressed almost throughout. 

Black; head ferruginous, frons darkest, inner orbits and 
anterior frontal tubercles paler ; vertex, including ocellar space 
and occiput, black. Front tibiee and tarsi rufescent; base of 
intermediate femora, their tibiae externally and apical tarsal 
joints rufescent, metatarsus white ; hind legs entirely black, 
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except the middle and apical femoral teeth, which are white. 
Wings iridescent hyaline, nervures pale brown, stigma centrally 
tiunslucent. 

Length 16 mm.; abdomen 9|| mm. ; petiole mm. ; terebra 
18 mm. 

Habitat: Paleboehan, Ratoe. M. E. Walsh (ea? Frisby) ; 22nd 
February, 1916. Type in coll. Ulaude Morley. 

The colour of the femoral teeth is distinctive. In F, rugicepa 
Elliott the basal tooth is white, the apical black ; in the present 
species this is reversed. 

16. AKOUATUS Kieft‘. 

Fcenatopus arcuatua Kieffer ( 4 ), p. 118, J . 

$. Head subglobose; frons irregularly rugose, almost reticu- 
late; vertex transcariiiate ; occiput irregularly rugose, with 
longitudinal sulcus ; teiuple.s centrally prominent ; posterior 
margin of head bordoi'ed. Second flagellar joint about one and a 
half times as long as first; third as long as first and second 
together. Neck very short, thorax cribrate punctate above 
throughout; median lobe of scutellum centrally slightly sha- 
greened. Mesopleurffi diffusely cribrate punctate. Petiole 
densely transaciculate, rather shorter than rest of abdomen. 
Terebra as long as body, sheaths brown, apically black. Hind 
legs with coxae trans-striate ; femora tridentate; tibiae compressed 
rather beyond middle. 

Dull black ; head entirely red, or occiput black-brown ; five 
basal antennal joints red ; anterior femora brown ; all tibiie and 
tarsi pale browxi or brownish white. Wings hyaline, stigma and 
nervures brown. The radius curvate, not angulate, emitted from 
apical third of stigma. 

Length 10 mm. 

Habitat: Oameroons. Type in National Entom. Museum, 
Berlin. (Oonradt.) 

17. NATALICITS Westw. 

Staphamis natalicua Westw. (5), p. 127, pi. xxiv. fig. 8; Schlett., 
p. 102, 5 cf. Neostephanua nataliciia Enderl. (2), p. 474. 
Fmnatopua 'iiatalicua Morley (1), p. 110, 5 (J 

2 cJ • Frons finely tmnsrugose, vertex transcarinate ; occiput 
alutaceous. Posterior margin of head simple. Second flagellar 
joint one and a half times as long as first ; third nearly as long as 
first and second together. Prothorax trans- striate. Mesonotum 
diffusely punctate ; scutellum smooth. Meso- and meta-pleur» 
nearly smooth, former pubescent, latter confluent with median 
segment, which is superficially and diffusely punctate. Petiole 
shorter than rest of abdomen, transaciculate, remainder smooth 
and feebly shining. Terebra shorter than body, fulvous, apically 
black. Hind legs with coxae apically transaciculate; femora 
tridentate ; tibiae constricted to beyond middle. Tarsi five-jointed 
in d , three-jointed in female. 
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Fulvo-testaceous; antennaB basally nearly white; apex of 
median segment discally black; central abdominal segments 
apically nigrescent. Wings fuscous or fulvo*hyaline, iridescent, 
stigma pale. 

Length, $ , 10 mm. ; abdomen 6 mm. ; petiole 2| mm. ; terebra 
8 mm. J , 7| mm. 

Habitat: Port Natal, 8. Africa. Type in Hope Museum, 
Oxford. 

In the British Museum are an old pair from F. Smith’s 
collection with label Port Natal,” and a female with a green 
label from the same locality ; all three were probably taken by 
the Swedish collector, Queinzius, about 1859. 

This species bears a strong superficial resemblance to Diaste- 
phanus alutaceua Morley, but, in addition to the venation, it may 
be distinguished easily by the sculpture of vertex and pronotuin, 
and by the tridentate hind femora. 

18. LONQICAUDA Elliott. 

Fmiatopy^ Icyngicauda Elliott (2), p. 30, J . 

J. Frons transrugose, vertex finely trans-striate, occiput 
smooth and shining; frontal tubercles short and blunt; three 
stout carinsD between the posterior ocelli. Posterior mai'gin of 
head simple. Basal flagellar joints normal. Prothorax finely 
trans-striate ; mesonotum cribrate punctate ; mesopleurae smooth, 
with a few large punctures in the middle ; metapleura} coarsely 
punctate above, smooth below, separated by a crenulate furrow 
from the cribrate punctiite median segment. Petiole trans- 
striate, a little longer than rest of abdomen, which is smooth an»l 
shining, Terebra half as long again as body, with a sharply- 
defined subapical white band, 2 mm, wide and IJ mm, at apex, 
black. Hind coxae trans-striate, basally more coarsely; hind 
femora very finely alutaceous and rather shining, tridentate; 
hind tibiae compressed to a little beyond middle. 

Black ; mandibles except apex and face pale testaceous ; anterior 
legs rufescent, tibiae paler ; hind tarsi rufescent. Wings basally 
infuscate, nervures black. 

Length 15 mm.; abdomen 10 mm.; petiole 5| mm.; terebra 
22 mm. 

Habitat: Nilgiri Hills, India, 3000 ft. ; 14th April, 1888 Sir 
George Hampson. Type in British Museum. 

Very like F. iridipennia Elliott, but easily known by the infus- 
cate wings and smooth occiput with simple margin. 

19. BUOIOEPS Elliott. 

Fcmatopua mgiaapa Elliott (2), p. 29, $ . 

$ . Frons granulate rug use, vertex and occiput subarcuate 
rugose. Frontal tubercles rather small and blunt, the space 
between them rugose ; three carinae between the posterior ocelli, 



HYMBNOrrBROUS FAMILY STBPHANtD^, 


796 


Posterior margin of head strongly bordered. Scape longer than 
cheeks. Second flagellar joint not quite half as long again as first ; 
third about as long as first and second together. Prothorax 
strongly trans-striate, with rather broad smooth posterior margin ; 
mesonotum coarsely punctate, apically smooth ; proplenroD lightly 
punctate ; mesopleursQ basal ly punctate, apically smooth ; meta- 
pleur® coarsely punctate, separated by a row of punctures from 
the median segment, which has large and diffuse punctures 
Petiole trans-striate, as long as rest of abdomen, which is finely 
alutaceouB. Terebra shorter than the body, basally rufescent, 
the colour gradna,lly passing into an ill-defined subapical yellowish 


Text-figure 5. 



ring, extreme apex black. Hind coxje coarsely transrugose, their 
femom tridentate, the basal tooth broad triangular, the central 
longer and more rounded, the apical narrow and very sharply 
pointed ; hind tibi® constricted in basal two-thirds. 

Black ; head rufo-testaoeous, frons and vertex nigrescent, face 
and base of mandibles testaceous. Front legs rufo-testaceoiis, 
femora darker ; middle legs lighter, with base of tibi© and rather 
more than basal half of metatarsus white; hind legs rufescent, 
the basal and central femoral teeth white, the apical Ijlack, apex 
of tibi» and the metatarsus except its apex white. Wings feebly 
infuscate, nervures blackish. 
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Length 12mm.; abdomen 7 mm.; petiole mm.; terebra 
10 mm. 

Habitat: South India. F* Smith coll. Type in British 
Museum. 

The type bears a label with the MS. name ruficeps 
Smith.” A red head is very common in this subgenus and in 
no way distinctive. The rugosity of the head seems more 
characteristic. This species may be easily known by the colour 
of the femoral teeth, which appears to be a very constant 
character. 

20. PiOBicOBNis 0am. 

FoencUopus piceiconiiSf Cam. ( 10 ), p. 360, $ . 

$ , Frons subarcuately, vertex more distinctly arcuately rugose ; 
occiput finely and closely trans-striate. Pronotum smooth ; 
mesonotum in basal half strongly, irregularly reticulate, laterally 
coarsely punctate ; scutellum smooth, laterally coarsely punctate. 
Median segment coarsely and dififusely punctate. Petiole finely 
trans-striate, as long as rest of abdomen. Terebra slightly shorter 
than body. Hind femora tridentate. 

Black ; outer orbits broadly yellow, mandibles apically rufo- 
testaceous, antennm piceous, apically darker ; anterior tibiae and 
tarsi pale testaceous; hind trochanters, apex of tibiae and the 
tarsi rufo-testaceous. Wings clear hyaline, stigma and nervures 
black. 

Length 13 ram, ; terebra 13 mm. 

Habitat: Dima, West Africa (A. Koller). Type in Congo 
Museum, Tervueren. 

The pale apex of mandibles is unusual, they are usually 
darker there. 

21. lEIDlPBKNIS Elliott. 

Fc&natopus iridipennis Elliott ( 2 ), p. 30, $ . 

5 . Frons arcuate rugose, vertex and occiput finely and 
distinctly trans-striate ; two short carinee between the posterior 
ocelli ; posterior margin of head bordered. Basal flagellar joints 
normal. Neck of pronotum smooth, rest trans-striate, with narrow 
smooth posterior margin. Mesothoi-ax with large, well-separated 
punctures. Propleur® finely striate ; mesopleurfie finely alutaceous, 
metapleurai and median segment cribrate punctate, separated by 
a carina. Petiole trans-striate, extreme apex smooth, as long as 
rest of abdomen ; base of second segment trans-striate, remainder 
smooth. Terebra half as long again as body, white subapical 
band 2 mm. broad. Hind coxee finely trans-striate, their femora 
tridentate ; tibiaj constricted in basal two-thirds. 

Black ; head red, vertex black ; the anterior tubercle has its 
front half red, the posterior half black. Anterior legs and hind 
tarsi rufescent, base of middle tibiie and their metatarsus testa- 
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ceou8. Wings hyaline, strongly iridescent throughout, nervures 
black. 

Length 15 mm. ; abdomen 10 mm.; petiole 5 mm,; terebra 
22 min. 

Habitat: Dehra Dun, India. Nov. 1907; Lt.-Ool. F. W. Thom- 
son, l.M.S. 

The sharply-defined red colour on the Irons, including just the 
front half of the anterioj* tubercle, is unusual. May be distin- 
guished from F. longicauda Elliott by the striate occiput, smooth 
neck of proiiotiim, and bordered postei'ior margin of head. 

A male, tentatively placed with this female, differs in the finer 
sculpture of the head and striate metapleurffi. The base of tho 
antennae and tlie head are testaceous, with the vertex and part of 
occiput black. A very slender insect. 

Length 11 mm.; abdomen 7 mm.; petiole 4 min. 

Habitat: Kangra Yalley, 4000 ft. July 1889; Dudgeon. 

22. PUNCTATUS Elliott. 

Firaaiopm puuctatiis Elliott (2), p. 7l\, 2 . 

9 . Frons arcuate rugose, vertex and occiput finely ti*ans- 
rugoso ; posterior margin of head bordered ; three carin© between 
the posterior ocelli. Scape slightly longer than cheeks ; basal 
tiiigellar joints normal. Pronotum strongly transrugose, with 
broad smooth posterior margin ; mesonotum transrugose ; central 
lobe of scutellum smooth, with a few large punctures, the lateral 
lobes closely punctate. Petiole finely trans-striate, shorter than 
rest of abdomen, which is smooth and shining. Terebm as long 
as body, white-banded. Hind coxte transrugose ; femora trans- 
rugose, tridentate ; tibia* compressed to middle. 

iiiifescent ; a broad white band on each side under the eyes to 
base of mandibles. Wings hyaline, nervures rufescent. 

Length 13| -l(k] mm.; abdomen 8|-11 mm.; petiole 4-5 mm.; 
petiole 13^-1 6.^ mm. 

Habitat: Burma. Two specimens in British Museum; the 
smaller with label ‘‘Birmah, F. Smith, coll.^; the larger 

Biriuah only. 

The puncturation on the lateral lobes of scutellum is unusually 
dense, 

23. ToaoENSis Stadlra. 

StepJianus togoensia Stadlm. (8), p. 80, 6 ; Enderl. (1), p. 203, 
9 d . V^ar. fmciatus Enderl. L c., 9 • Diasteplmvm togoemis 
Enderl. (2), p. 476; Morley (1), p. 113. 

rj. Frons arcuate rugose; vertex with three or four coarse 
ridges ; occiput rather more finely transrugose, with subobsolete 
central impression. Posterior margin of head slightly bordered. 
Second flagellar joint one and a half times m long as first ; third 
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slightly shorter than first and second together. Neck of pronotum 
laterally obliquely rugose, remainder alufcaceo-punctate ; meso- 
notum coarsely punctate ; sciitellum smooth, with marginal punc- 
tures; metanotum longitudinally striate. Mesopleune diffusely 
punctate, upper margin polished ; metapleune and median segment 
confluent, coarsely and superficially punctate. Petiole finely trans- 
striate, as long as, or slightly shorter than, remainder of abdomen. 
Hind coxse trans-striate ; hind femora tridentate. 

Black ; head, base of mandibles, five basal antennal joints, pro- 
thorax, tegulffi and legs, except hind coxie and apex of hind 
femora, ferruginous. Wings hyaline, nervures dark brown. 

Length 8-1 1mm. 

2 * Similar to 6 ; terebra as long as body, spicula red-brown, 
sheaths ferruginous, apically black. Length 1 1 mm. 

Habitat: Bismaroksburg, Togo. L. Oonradt, 1893. 

Var. fasciaim Enderl. More slender than the type-form; 
band across basal half of third segment rufescent; posterior 
femora basally dark. 

Habitat : Johann Albrechtshdhe, North Cameroons. L. 
Conradt, 1895-96. 

Dr. Enderlein (1. c.) places this species in his subgenus DiasU’- 
p1ianu8^ but Stadelmann expressly states that the neuration is 
exactly as in F. mdicm Westw., and it is so closely similar to 
F. conradti that I incline to consider it merely a colour variety 
of that species. The different sculpture of scutellum and the 
absence of the slight smooth depression between metapleura* and 
median segment appear to be the only differences. No mention 
of the femoral teeth is made in the description of F. conradti, 

24. CLARXPENNIS Elliott. 

FcRnatopus claripmnis Elliott (2), p. 81, J . 

5 . Fl'ons arcuate rugose, vertex subarcuate tians-striate, with 
distinct central longitudinal furrow, occiput more finely striate. 
Posterior margin of head bordered. A long, stout carina just in 
front of the posterior ocelli and two shorter ones between them. 
Scape as long as cheeks. Second flagellar joint one and a half 
times as long as first, third nearly as long as first and second 
together. Neck of pronotum coarsely, obliquely striate, the 
remainder alutaceous ; mesonotum moderately punctate. Meso- 
pleurse alutaceous, basal half diffusely punctate; metapleuraa 
nearly smooth, with diffuse, large punctures, separated by a line 
of punctures from the median segment, which is alutaceous and 
diffusely punctate. Petiole trans-striate, its extreme apex smooth , 
as long as rest of abdomen. Terebra shorter than body, black. 
Hind legs with coxse trans-striate, femora tridentate and very 
finely alutaceous, tibise constricted to middle. 

Black; head rufescent, vertex darker; tegulee, basal half of 
petiole and its apex broadly, and the second and third segments 
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basally red. Anterior legs rufescent, femora centx*ally and tibite 
partly darker ; middle metatarsus yellowish; hind legs black, 
apex of femora, the tibiae and tarsi rufescent. Wings very clear 
hyaline, apical half iridescent. 

Length 15 mm.; abdomen 9 mm.; petiole 4| mm.; terebra 
13 mm. 

Habitat : Nyassaland, Chiromo, Ruo River. R. C. Wood, 1916. 
l^pe in British Museum. 

The long red carina in front of the posterior ocelli and the 
sculpture of the prothorax sufficiently distinguish this species. 

25. AttATiFRONS Enderl. 

Fcenatopus aratijrona Enderl. ( 3 ), p. 207, S • 

<J . Frons finely and densely, vertex and occiput more strongly 
transrugose. Pronotum with fine striation between coarser 
rugosities, laterally anteriorly alutaceo-gra-nulate, posteriorly 
closely longitudinally striate. Scutelhim depressed, coarsely 
punctate. Mesopleurje sparsely punctate, posterior margin smooth, 
with fine trans-striation, upper third with sparse yellow hairs. 
Petiole densely trans-striate, second segment smooth, basrdly 
longitudinally striate, apieally dull. Hind cox(e irregularly 
rugose, post.erior fourth more regularly ; hind femora bidentate. 

Black ; bead bright rufo- testaceous ; front coxjc and anterioi* 
legs ferruginous yellow ; hind tfirsi ferruginous, metatarsus pale 
yellow. Wings hyaline, stigma apieally rounded, ochre-yellow ; 
nervures brown. 

Length 10*2 mm. ; petiole 2^ mm.; fore wing 6 mm. 

Habitat ; Kankau, Formosa, II. Sauter. Type in Dahlen 
Museum. 

26. FLAvicoLLis (Jam. 

Fcenatopus Jlamcollis Cam. ( 10 ), p. 359, cT . 

. Anterior frontal tubercle smaller than the posterior, space 
between them oblkjuely striate; vertex arcuate striate. Meso- 
riotum basally depressed and thei'e bounded by a curved carina, 
and apical trans-sulcus, central part bounded by shallow oblique 
sulci and irregularly striate. Scutellum smooth, with irregular 
marginal punctures. Metanotum (median segment) <liftust‘Iy 
punctate. Petiole dull and closely striate. Hind cox» closely 
striate ; hind femora tridentate. 

Black; face, clypeus, outer orbits chiefly, setipe, 3-4 bawtl 
flagellar joints, prothorax except central black line, ineso- ami 
meta-pleurae, and anterior legs testaceous; vertex, base, and apex 
of hind tibitt) rufo-testaceous. Wings hyaline, stigma pale, iier- 
vures dark testaceous. 

Length 8 mm. 

Habitat: Dima, West Africa. A. Koller. Type in Congo 
Museum, Tervueren. 
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Diastephanus Eiiderl. 

Enderlein (2), p. 473. 

This subgenus, us defined by Enderlein, has the , lowest form of 
neuration, consisting of three basal cells and a widely open radial 
cell ; the median nervure rarely extends beyond the transverse 
nervure, and then only as a short stump, whereas in F<xnatop^is 
it extends to the full length of an outer submedial cell, or closely 
approximating that length. It occurs in the Ethiopian, Oriental, 
and Australian Regions, but has not yet been recorded from tlie 
Western Continent. 

The species vary in size from 6 to 29 mm. in length, and tho 
colour is, on the whole, brighter and more varied than in the 
other subfamilies ; a white or flavous frons with rufescent lines 
is very common. 

In preparing a table of species, I have experienced much diffi- 
culty in consequence of the want of details in some descriptions, 
in which, for instance, such important points as the sculpture of 
the head and tho proportional length of the basal antennal joints 
are omitted. The colour of the terebral sheaths forms a good 
distinction in many cases, but these being broken in one species, 
renders it useless iii that section. The colour of the terebiu jnnst 
always be understood to refer to the sheaths; the spicula is 
usually rufescent. 


Table of fSpecies. 

?. 

(20.) 1. Hind femora tndeiitate. 

(11.) 2. Petiole as long as rest of abdomen. 

(6.) 3. Hind femoral tooth white, 

(6.) 4. Femoral teeth milk-white ; frons ni< iiate striate, inesouotum 
and median segment coriaceous and ditfusoly punctate ; 

^ terebral sheaths red-brown, with broad siibapical yellow 
band 1. leucodon Kielf. 

(4.) 5. Femoral teeth whitish ; frons finely rugose, luesonotnm 
coarsely irregularly rugoso-puiictat/e, median segment 
crihrate punctate, terebi'al sheaths black 2. pallescens Schlett. 

(3.) 6. Hind femoral teeth not all white. 

(8.) 7. Posterior margin of litwl produced into a collar; femoral 

teeth brown, median segment alutaceous .... 3. fusevdens Kiefl'. 

(7.) 8. Posterior margin of head bordered, but not collar-like. 

(10.) 9. Sheaths of terobra black ; neck short ; hind femora punctate, 

the teeth black 4. hiroi Sz<3pl. 

(9.) 10. Sheaths of terehra white-handed; neck elongate; hind femora 

traus-striate, central tooth white 6. hilineatus Elliott. 

(2.) 11, Petiole distinctly longer or shorter than rest of abdomen. 

(17.) 12. Petiole distinctly shorter than rest of abdomen. 

(14.) 13. Body unusually slender, pronotum elongate and shining, 

frons densely striate 6. gracilis Kieff. 

(13.) 14. Body normal, prothorax not elongate, more or less dull. 

(16.) 16. Head finely reticelute, posterior margin simple.. 7. tertianus Morley. 

(15.) 16. Head rugose, posterior margin bordered 8. mva-guinesnsis 

(12.) 17. Petiole distinctly longer than rest of abdomen. fSzepl. 
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(10.) 18. MetApleuiw and median segment finely reticulate-rugose; [Knderl. 
terebra shorter than body, sheaths red-yellow • 0. Jlavomaeulatu$ 

(18.) 10. Metapleune and median segment irre^larly coarsely rugose ; [Schulthess. 
terebra as long as body, sheaths red'brown ... 10, rothkircki 

(1.) 20. Hind femora bidentate. 

(88.) 21. Sheaths of terebra with subapical pale band. 

(23.) 22. Sheaths broadly yellow-banded ; head small ; second seg- 
ment finely punctate and dull; femoral teeth yellowish. [Knderl. 

11. Jlavidentatus 

(22.) 23. Terebral sheaths white-banded. 

(27.) 24. Hind femoral teeth white. 

(26.) 25. Anterior tuWolo obsolete, frons transrugoso, neck elongate, 
slender, median segment centrally basally smooth 

12. leucodontm^chleii. 

(25.) 26. Anterior tubercle normal, frons arcuate striate, neck noimal, 

median segment cribrate punctate throughout . 13. elegant Elliott. 

(24.) 27. Hind femoral teeth unicolorous with finnora. 

(31.) 28. Frons rugose. 

(30.) 20. Frons with strong longitudinal cariiia, neck normal, meso- 

pleurm and hind femora smooth 14. carinifrona Knderl. 

(20.) 30. Frons not carinate, neck short and broad, niesopleura.' aciculatc- 

pmictatc, hind femora aciculatc 16. nigripet Szepl. 

(28.) 31. Frons not rugose. 

(38.) 32. Head very small, frons alutuceous, neck graimlate aciculatc, 
metapleursB and median segment with large hexagonal 
punctures 16. parvicepa Endcrl. 

(32.) 33. Hc;id normal. 

(35.) %34. Frons reticulate, neck transcarinate, metapleurm finely acicu- 

late, petiole longer than rest of abdomen .. 17. frontilinea Morley. 

(34.) 35. Frons iruns-striate. 

(37.) 36. Frons arcuate striate, terebra shorter than body... 18. Elliott. 

(36.) 37. Frons trans- striate, but not arcuately ; terebra longer than 

l)ody 19. chinenaia Elliott. 

(21.) 38. Sheaths of terebra unicolorous. 

(40.) 39. Hody rufo- testaceous, femoral teeth white; terebra apically 

black 20. alutaceua Morley. 

(39.) 40. Body chiefly black. 

(42.) 41. Petiole only half ns long as rest of abdomen; head small; [Knderl. 
sheaths of terebra brown 21. brevipHiolatua 

(41.) 42. Petiole much more than half as long as body. 

(46.) 48. Terebra about as long as body. 

(45.) <44. Frons finely trans-striato ; first and sc>€ond flagellar joints of 

equal length 22. trilobatua Elliott. 

(44.) 45. Frons transrugose : second flagellar joint one and a half times 

as long as first 23. dohrni Euderl. 

(43.) 46. Terebra distinctly longer or shorter than body. 

(48.) 47. Terebra longer than body; frons arcuate rugose; two pro- 
minences on posterior half of hind femora strongly 
developed 24. quadridens Elliott. 

(47.) 48. Terebra shorter than body. 

(50.) 49. Terebra only half as long as body. Head small, frons arcuate 
rugose, median segment aciculate, laterally punctate 

25. terehellua Euderl. 

(49.) 50. Terebra much more than half as long as body. 

(52.) 61. Anterior femoral teeth yellow, the posterior black. Head 
small ; petiole very slender 2nd segment punctate. 

26. ruflcollia Euderl. 
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(61.) 62. Femoral teeth iimcolorous. 

(60.) 63. Femoral teeth white. 

(55.) 54. Second flajyellar joint one and a hall’ tunes as long as first, 
third longer than first and second together ; inesopleurje 
smooth above; median segment strongly punctate [ Enderl. 
throughout . . 27. ntacuUfemur 

(64.) 55. Second flagellar joint twice as long as first ; third only as 
long as first and second together; mesopleurm trans- 
striate, median segment cribrate punctate, with elongate 
triangular central smooth space . ... 28. Elliott. 

(53.) 66. Femoral teeth unicolorus with femora. 

(60.) 57. Neck of prothorax elongate. 

(69.) 68. Second flagellar joint one and one-third ns long as first, 
petiole longer than rest of abdomen ; second segment 
rugulose .... . 29. Salomon is Westw. 

(58.) 59. Second flagellar joint fully twice as long .-is lirst ; petiole ‘ 
slightly shorter than lesi of abdomen; 2nd .segment 
smooth 30. celehensis Sz<?pl. 

(57.) 60. Neck of prothorax normal. 

(62.) 61. Frons irregularly rugose ; abdomen from 2nd .segment finely, 

densely punctate, <luU . 31. szepligelti Enderl. 

(61) 62. Frons finely traiis-striate, abdomen from 2nd segment smootb 

and polished 32. stmiUimns Elhott. 


(6.) 1. Ihnd femora tridentate. 

(6.) 2. Frons alulacisous, first an<I second flagellar joint*^ of eijual 

length ; anterior legs yellow. 

(4.) 3. Posterior margin of head border<‘d ; neck finely rugose, semi- 
unnular coarsely ru|!:ose ; ]»oliole about as long as rest of 
abdomen; femora finely and densidy punctate . 33. stmiUs 

(3.) 4. Posh'rior margin of head simple j pvonotum nearly smootb ; 

petiole distinctly longer tbuii rest of alulonn'ii , fenioia 
smootb and scarcely punctate 34. jiaoiceps Elliott 

(2.) 6. Frons nigose-jiunctate ; second flagelhii joint nearly twice 

a.s long as first; petiole nearly twice a.s long as rest of 
abdomen ... . ... 36. yasciaereis Cam. 

(1.) 6. Hind femora bidentate, 

(8.) 7. Petiole as long as lestof abdomen; faie and lower balf of 

frons white; wings red and green iride.scent . \\\\. Jl am frons Elliott. 

(7.) 8. I’ctiolc distinctly longer or .shorter than ri'.st of abdomen. 

(10.) 9. Petiole distinctly longer than rest of alxloinen ; pronotuinand 

femoral teeth entirely black ., 37. fasciatus Szepl. 

(9.) 10. Petiole distinctly shorter than rest of abdomen. 

(12.) 11. Anterior frontal tubercle ob.solete ; occiput ver\ .sliort ; both 

femoral teeth white ... 3M.y/rtefmo^rt/io9 Elliott. 

(11.) 32. Anterior frontal tubercle normal; occiput not slioi t ; jio.sterior 

femoral tooth black ... 26. rvficollis 


1. LEO CODON Kieff'. 

])ia8tephanu8 leucodon KiofT. (4), p. 116, J . 

5 . Head subglobose ; frons densely arcuate wStriate, vertex 
with three transcariiue ; occiput densely trans-striate, dull ; 
posterior margin of head produced into a short collar. Basal 
flagellar joints normal. Neck elongate, densely striate ; semi- 
annular coriaceous with smooth posterior murgin. Mesonotuiri 
and median segment coriaceous, with large, diffuse and superficial 
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punctures* Soutellum centrally smooth and shining, marginal 
rows of punctures large and deep, lateral lobes dull. Pleuro 
coarsely alutaceous. Petiole densely trans-striate, as long as 
rest of abdomen. Terebra nearly as long as body, spicula red, 
sheaths red-brown, with a clear yellow ring before the black 
apex. Hind legs with coxm densely trans-striate; femora 
bidentate ; tibiee compreifeed in basal two-thirds. 

Black; head except apices of mandibles, six basal antennal 
joints, prosternum, tegulae, anterior legs except femora above, 
apex of hind coxae, base and apex of hind femora, basal two- 
thirds of hind tibiae, and apex of petiole clear red ; space between 
anterior ocellus and posterior margin of head, anterior femora 
above and apical third of liind tibi® brown; base of petiole, 
basal half of third tergite, a spot on each side of fourth and 
the hind tarsi yellowish white ; hind femoral teeth milk-white. 
Wings hyaline, stigma and nervures subhyaline. 

Length 10 mm. 

Habitat : Cameroons. Type in National Entomological 
Museum, Berlin. (Oonradt.) 

Very like D. fusdd&iiB Kieff., but differs chiefly in the 
sculpture of frons, pro- and meso-notum, and in the colour of 
the terebra and of the femora] teeth. 

2. PALLESCBNS Schlett. 

Stephanva palkacena Schlett., p. 123, $ • Diaatephanua 
palleacena Enderl. (2), p. 475, 

2 • Frons flnely and more or leas distinctly transrugose ; 
occiput obconical, anteriorly rather coarsely trans-striate, 
posteriorly more inegularly rugose. Posterior margin of head 
bordered. Cheeks longer than scape. Second flagellar joint 
scarcely longer than first ; third one and a half times as long as 
second. Neck elongate, very slender, finely trans-striate above ; 
seniiannular moderately finely rugoso-punctate, its posterior 
margin smooth. Mosonotum coarsely and irregularly punctato- 
rugose. Scutellum finely punctate rugose. Mesopleur® smooth 
and shining above, rather dull beneath, with a few indistinct 
punctures ; metapleur® and median segment somewhat coarsely 
cribrate-punctate, not separated. Petiole trans-striate, scarcely 
as long as rest of abdomen, which is feebly shining or dull. 
Terebni shorter than body, sheaths entirely black. Hind legs 
with cox® transrugose; femora finely trans-striate and dull, 
tridentate; tibi® longer than femora, compressed to beyond 
middle. 

Black; face ferruginous, dull flavous towards eyes and on 
temples ; mandibles and antenn® basally rufescent. Anterior 
legs chestnut-brown ; teeth of hind femora whitish. Wings 
hyaline. 

Length 11 mm. ; terebra 8 mm. 

Habitat ; Philippines, Type in Town Museum at Hamburg. 
Peoo. Zool. Soo,— 1922, No. LIV. 54 
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This species resembles D. Uuoodontus Schlett., but the 
anterior tubercle is fully developed, second flagellar joint shorter, 
pro- and meso-notum more coarsely sculptured and hind femora 
tridentate. From D» saUmmia Westw. it may be at once known 
by the conformation of the neck of prothorax and the tridentate 
hind femora. 

3. FUSCIDBNS Kieff. 

Dimtephanm fvaciima Kieff. ( 4 ), p. 1 18, J . 

$ . Head subglobose ; frons and vertex irregularly rugose, 
latter with three transcarince in front; occiput trans-striate, 
dull ; posterior margin of head produced into a collar. Second 
flagellar joint one and a half times as long as first ; third longer 
than first and second together. Pronotum coriaceous, with 
polished posterior margin ; mesonotum transrugose ; scutellum 
centrally smooth and shining, marginal rows of punctures 
superficial. Pleurae alutaceous. Median segment alutaceoiis, 
with large, diffuse punctures. Petiole densely trans-striate, as 
long as remainder of abdomen. Terebra as long as body, spicula 
red, sheaths entirely black-brown. Hind legs with coxr> trans- 
striate ; femora tridentate ; tibiae compressed to beyond middle. 

Black ; head except apices of mandibles, four basal antennal 
joints, basal half of third segment entirely, anterior legs, apex of 
hind coxffi, hind femora entirely and hind tibiie basally red; 
hind tarsi testaceous ; apical joint of all tarsi black ; femoral 
teeth brown. Wings hyaline, stigma and nervures subhyaline. 

Length 11 mm. 

Habitat: Cameroons (Conradt). Type in National Entomo- 
logical Museum, Berlin. 

Very like D, leucodon Kieff., differing cliiefly in the irregularly 
rugose frons, transrugose mesonotum, and in the colour of 
terebral sheaths and hind femoral teeth. 

4. BIROI Sz6pl. 

Fimatopm hirti 8z^pl., p. 530, J . Diaatephanus h, Enderl. 
(2), p. 475. 

? . Frons irregularly, not transversely rugose ; occiput short 
and rugose; posterior margin of head bordered. First and 
second flagellar joints of equal length. Neck short, subquadrate, 
anteriorly transversely, then irregularly rugose; semiannular 
coarsely rugose. Mesonotum coarsely rugose ; scutellum centrally 
smooth, otlierwise diffusely punctate. Mesopleurse with ]ai*ge, 
dense punctures, anteriorly dull. Median segment with large 
punctures, which ai'e confluent and form rugosities on the apical 
half. Petiole finely striate, about as long as i^st of abdomen. 
Terebra slightly shorter than body, sheaths black. Hind coxee 
finely trans-striate, their femora finely and densely punctate 
tridentate. 
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Black ; cb^ks and temples yellowish ; mouth-parts, base of 
antennae, anterior tibiae mostly, and all tarsi yellow-red. Wings 
hyaline, stigma brown, tegulae basally yellow. 

Length 11 mm. 

Habitat: Sinbang, New Guinea. Type in Hungarian National 
Museum. 

5. BILlNEiTVS Elliott. 

DiaatephanuB bilineatus Elliott (3), p. 162, $ . 

$ . Head finely trail fihstriate ; two carinae between the 
posterior ocelli ; all frontal tubercles distinct ; posterior margin 
of head bordered. Second flagellar joint one and a half times as 
long as fii’st : third longer than second, but shorter than first and 
second together. Neck of prothorax elongate, finely trans-striate, 
remainder smooth; mesonotum subglabrous, very difiusely punc^ 
tate ; pro- and meso-pleiira? very finely trans-striate ; metapleune 
and median segment cribrate punctate, not separated. Petiole 
trans-striate, as long as rest of abdomen, which is smooth 
and shining. Terebra shoi*ter than body, sheaths rufescent, 
with a subapical hand mm. broad, before the ^ mm. broad 
black apex. Hind coxae and femoiu tlistinctly, their tibiae less 
strongly trans-striate, the femora tridentate, tibiae compressed to 
middle. 

Black ; head rufescent, mandibles except extreme apex, frons 
centrally broadly and orbits up to the level of the anterior 
tubercle flavous ; point of abdomen below terebra white. 
Anterior knees pale rufescent, hind legs darker, with knees and 
metatarsi pale. Central femoral tooth white. Wings hyaline, 
iridescent ; stigma and nervures brown. 

Length 8--8J mm.; abdomen 5 mm. ; petiole 2i mm. j terebra 
7 mm. 

Habitat : Pusa, Bihar; G, R. Dutt, 12. v. 09. Cbapra, Bengal; 
Mackenzie. 

The whole of the lower part of the head is white, excepting 
the more or less narrow rufescent lines separating the frons from 
the inner orbits. The sculpture of the head, the colour of the 
terebra and that of the femoral teeth will suffice to distinguish 
this species from all those with tridentate hind femora yet 
known. (May 1919,) 

6. GRACILIS Kieff. 

DiaMephanuB graciliB Elieff. (5), p. 28, $ . 

9 . Body, especially abdomen, unusually slender. Frons dull 
and densely trans-striate, ax*cuately round, anterior ocellus ; 
vertex with five transcarinss ; occiput rugose, without central 
impression ; posterior margin of head simple. Second flagellar 
joint little longer than first : third shorter than first and second 

54* 
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together. Pronotum elongate, shining, finely punctate, posterior 
margin rugose. Mesonotum coarsely transrugose; scutellum 
with central lobe finely punctate, with large marginal punctures, 
separated by rows of small punctures from the lateral lobes, 
which are alutaceous. Mesopleuree finely alutaceous; meta- 
pleurie reticulate rugose, tlie impressed part alutaceous. Median 
segment finely punctate with diffuse larger punctures, and with 
a broad crenulated sulcus on anterior margin. Petiole very 
slender, finely trans- striate, much shorter than rest of abdomen, 
which is coriaceous. Terebra little shorter than body, spicula 
red^brown, sheaths black. Hind legs with coxae densely trans- 
rugose ; femora finely alutaceous, tridentate ; metatarsus partly 
and second tarsal joint entirely white pubescent beneath. 

Black ; head except apices of mandibles and occiput, four 
basal antennal joints, apex of petiole, basal half of third segment, 
apex of hind femora, the tibiae and tarsi yellow or red ; posterior 
coxa and femora brown. Wings whitish, stigma dark bordered, 
nervures pale yellow. 

Length 13 mm. ; terebra 12 mm. 

Habitat: Mundame, Johann Albrechtshbhe, German East 
Africa. Conradt, 1906. 

7. TBBTiAKUS Morley. 

Dicbstephanna Urtianus Morley, p. 108, $ • 

Head finely reticulate throughout; posterior tubercles 
and vertical carina small; cheeks much longer than scape; 
posterior margin of head simple. Second and third flagellar 
joints of equal length and about half as long again as first. Neck 
longitudinally sulcate, laterally obliquely carinate; semiannular 
microscopically sculptured and dull, without any smooth posterior 
margin., (Mesonotum destroyeil by pin.) Scutellum dull and 
diffusely punctate. Mesosternum shining, finely alutaceous. 
MesopleursB alutaceous and sparsely punctate ; metapleurse finely 
transcar inate, confluent with median segment, which is finely 
reticulate and sparsely punctate. Petiole transaciculate, shorter 
than rest of abdomen, which is dull. Terebra rather shorter than 
body, sheaths black. Hind legs with the coxee narrow, dull, and 
apically transaciculate ; femoia dull, tridentate ; tibise longer than 
femora, constricted to middle. 

Black ; head, base of antennas, prothorax, apex of petiole, base 
of second segment, basal two-thirds of third, and the legs red ; 
base of hind femora and a mark in.side apical third of hind tibiae 
black. Wings hyaline ; stigma lanceolate, centrally translucent ; 
nervures brown. 

Length 12 mm.; abdomen 7 mm.; petiole 3 mm.; terebra 
10| mm* 

Pbbitat: Lesapi Biver, Mashonaland. Nov. 1897; Guy 
Mat9ball, 
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8. EOVA-OUZNBEESIS Sz6pL 

Fasnatopm novctrgmneenBia Sz6pl., p. 629, $ . Diaatephcmus 
Tiova-g, Enderl. (2), p. 476. 

? . Fronts finely rugose, laterally more transversely ; vertex 
ti'ansrugose ; occiput short and rugose, with distinct central 
apical sulcus ; posterior margin of head bordered. First flagellar 
joint as long as second. Pro- and meso-notum coarsely rugose, 
neck short and broad. Scutellum only centrally smooth. Meso- 
pleurse dull, densely aciculate, with large, diffuse punctures. 
Median segment rather smooth, with large punctures. Petiole 
densely trans-striate, shorter than rest of abdomen. Terebra 
little shorter than body, sheaths black. Hind legs with coxse 
coarsely transrugose ; femora densely and finely alutaceo- 
punctate, tridentate. 

Black ; head except vertex, base of antennsB, anterior tibiso and 
all tai'si yellow-red; anterior femora brown. Wings hyaline, 
nervures brown ; stigma centrally yellow, tegulro black. 

Length 10 mm. 

Habitat: Btephansort, New Guinea, Type in Hungarian 
National Museum. 

Sz^pligetti states that in his F. nova giiineensis, hir6i^ simUis^ 
and nigripes the median nervure is pr olonged outside the basal 
iiervui’e. Enderlcin (2) gives as the definition of his subgenus 
Diastephanus : ‘‘external subraedian cell entirely wanting, there 
being at most a tiny remnant of the anterior bounding nervure,*^ 
while, in FmnatopiMj this nervure extends to the full extent of an 
external submedian cell. There might thus be some doubt as to 
the position of the above species ; as, however, Enderlein places 
them in J)ia8tq>hami8 , 1 follow him. 

9. FLAVOMACULATUS Enderl. 

Stepkanus Jlavomaculatus Enderl. (1), p. 205, $ . 
pfutnuaf. (2), pp. 474-76. 

$. Frons indistinctly arcuate rugose; all frontal tubercles 
acuminate ; vertex coarsely, occiput finely transrugose, without 
central impression. Posterior margin of head slightly bordered. 
Pronotum finely rugose, laterally deeply punctate just in front 
of the polished posterior margin; neck elongate. Mesonotum 
very coarsely tmnsrugose ; scutellum punctate, with central 
smooth space. Metanotum longitudinally striate. Metapleurm 
and median segment finely reticulate rugose, separated by a fine 
raised line. Petiole leather finely trans -striate, longer than rest 
of abdomen. Terebra shorter than body, reddish-yellow, sheaths 
rust-yellow, apically black. Hind coxae finely trans-striate ; hind 
femora tridentate, teeth yellow. 

Black ; face, cheeks, five basal antennal joints, prosternum, 
anterior legs, and hind tibiae ferruginous ; median line and lateiul 
margins of frons, base of petiole, apex of hind femora and spots 
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on segments 3~5, also apex of last segment yellow. Wings 
hyaline, nervures pale brown. 

Length 12J mm. 

Habitat : tf ohann Albrechtshohe, N. Oameroons. L. Oonradt, 
1896. 

There appears to be a very remarkable similarity between the 
specimens of this group of Stephanidee from Johann Albrechtshohe, 
North Oameroons, and, since several are described from single 
specimens only, and none from any sufficient number, there may 
be doubts as to the distinctness of the species. The difficulty of 
deciding this matter is greatly increased by the fact that the 
dasoriptions vary in the amount of the details; the relative length 
of the basal antennal joints, and especially details as to the hind 
legs and femoral teeth, are often wanting. In addition to this, 
Dr. Enderlein (1) gives a table of the African species of 
Stephanm — ^as then known to him — in which he gives characters 
differing from those in the detailed descriptions. Thus: tere- 
hdlus — median segment (a) not separated from metapleura*, (6) 
separated by a raised oirina; togoensis — scarcely or not at all 
separated ; Jlavomactdatm— neck (a) obliquely striate throughout, 
{h) finely rugose ; hrevipetiolatus — face (a) irregularly reticulate, 
{h) finely arcuate rugose. While provisionally retaining these 
species, further information is required to settle their claims. 

10. ROTHKIBCHI Scbulthess. 

Diastephanus rothkirchi Schulthess, p. 283, J ; Morley ( 1 ), 
p. 113, $. 

$ . Frons irregularly and partly arcuately rugose ; vertex 
with four trail scar i n le ; occiput strongly transrugose, without 
longitudinal impression. Posterior margin of head sharply 
bordered. Scape as long as first and second flagellar joints 
together ; second longer than first ; third shorter than first and 
second together. Pronotura finely transrugose; semiannular 
centrally finely transrugose, laterally coarsely and irregularly 
punctate. Mesonotum coarsely rugoso-punctate ; scutellum 
centrally smooth, with a few marginal punctures, lateral rows of 
punctures distinct, lateral lobes finely transrugose. Mesopleui’ie 
finely rugose and diffusely punctate; metapleui'se confluent with 
median segment, and, like it, irregularly and coarsely rugoso- 
punctate, interstices and bottom of punctures very finely trans- 
rugose. (A few lines before this, the author states ‘‘ median seg- 
ment longer than mesonotum and scutellum, finely facetted, 
between the facets very finely transrugose.’^) Petiole finely trans- 
striate, longer than rest of abdomen; second segment basally 
coarsely rugoso-punctate, rexnainder of abd omen smooth . Terebra 
as long as body, spiciila red-brown, sheaths brown, paler before 
the black apex. Hind legs with coxb& and femora finely trans- 
rugose, latter tridents, te; teeth in three groups, the central of one 
tooth only, largest of all ; the basal and apical groups of two 
each, of which the inner is smallest ; apex of tibiss and inside of 
tarsi clothed with dense red-grey pubescence. 
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Black ; head red except apio^ of .mandibles and the occiput ; 
4-5 basal antennal joints, p^notum laterally and beneath, a Imsal 
band on third tergite, ventral surface of second sternite, all cox» 
and legs red ; petiole basally, knees and middle metatarsi basally 
white, hind coxfe and base of hind femora black* Wings hyaline, 
stigma elongate, narrow lanceolate, brownish ; nervures dark 
brown. 

Length 10 mm. ; abdomen 6 mm. ; petiole 3*6 mm. ; wings 
3*5 mm. ; terebra 10*5 mm. 

Habitat : Oameroons. Oberlieu tenant v. Kothkirch, German 
Colonial Defence Force. 

A specimen in the British Museum (MXanga, Nyassaland, 
S. A. Neave, 2. i. 1914) differs from the above description only 
in having a more red-brown petiole and second segment black. 

This species comes near D, azepligetii Bnderl. and /). gracilis 
Kieff., but differs from both in size and sculpture. The number 
of minor denticulations l>etween the larger hind femoral teeth 
appears to vary, but we do not possess sufficient details to decide 
whether this is an individual or specific difference. 

11. FLAViDENTATUS Euderl. 

Diaateph^nus jlavidentattis Enderl. ( 3 ), p. 204, $ . 

5 , Head rather small, globose. Neck strongly transrugose, 
laterally more finely and closely, semiannular finely trans-stria te, 
apically more closely, posterior margin laterally rugose. Meso- 
pleurie sparsely and coarsely punctate, posterior margin smooth, 
upper third finely transrugose and yellow pubescent. Petiole 
finely transrugose; second segment dull, finely punctate and 
basally indistinctly rugose. Terebra rather longer than body, 
sheaths with broml yellow b/ind before apex. Hind femora 
bidentate ; hind tibiai and metatarsus yellow pubescent. 

Black ; face, cheeks, lateral borders of frons, and a median line 
yellow ; antennae brown, basally paler. Anterior legs pale ferru- 
ginous; a streak on outside of basal fourth of front tibiw, basal 
fourth of middle tibia? and basal half of middle metatarsus yellow. 
Hind legs black-brown, t^irsi rufescent, femoral teeth yellowish. 
Wings hyaline ; stigma pale yellow, nervures brown. 

Length 11|-14| mm.; petiole 4*l™5*2mm.; terebra 13|- 
15 mm. ; fore wing 7-8] mm. 

Habitat: Formosa, 1911; Kankau, 1912; Hoozan, 1910. 
H. Sauter. Co-types in German Ent. Museum at Dablen and 
in Stettin Museum. 

Enderlein (Z. c.) states that the only other species in this 
subgenus having yellow femoral teeth are his D, macidifemnr 
and Z>. rufieollis. The detailed descriptions state clearly that in 
D. moimUfemur both teeth are white, and in D. rufieoUis the 
anterior tooth is yellow, the posterior black. The present species 
differs from D, ruJteoUis in the sheaths of terebra being yellow- 
banded, hind tibiae pubescent, and both femoral teeth yellow; from 
D. macuHfemv^ in smaller head, longer terebra, and in the colour 
of terebral sheaths and femoral teeth. 
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12. LEUOODOKTUS Schlett. 

SU^anuB UwiodmUM Schlett., p. 121, $. DimiephanuB h 
Enderl. (2), p. 476, 

Frons finely, transversely coriaceo - rugose ; anterior 
frontal tubercle wanting (otherwise always present); occiput 
very short, finely trans-striate, more coarsely behind the ocelli. 
Posterior margin of head simple; cheeks longer than scape. 
Second fiagellar joint one and a half times as long as first ; third 
longer than first and second together. Neck elongate and 
slender, obsoletely trans-striate; semiannular subnitidulous, 
with a central longitudinal trans-striate fovea. Mesonotum 
finely and irregularly ^ausrugoso-punctate. Scutellum entirely 
smooth. Mesopleuras smooth and shining, with a few superficial 
punctures below; metapleursD smooth and shining in front, 
rather coarsely reticulate-rugose behind. Median segment 
centrally and basally smooth, laterally with large punctures, 
which are more dense apically. Petiole very finely transrugose, 
as long as rest of abdomen, w^hicli is smooth and strongly 
nitidulous. The terebm broken oflf. Hind coxae slender, trans- 
striate; hind femora entirely smooth, bidentate; hind tibi« 
compressed to beyond middle. 

Black; frons rufo-testaceous, rest of head ferruginous; antenna) 
basally testaceous ; pronotum and legs brown ; teeth of hind 
femora white, and hind tarsi white-marked. Wings entirely 
hyaline. 

Length 10 mm. 

Habitat : Sarawak, Type in Royal Nat. Hist. Museum, 
Berlin. 

The absence of the usually well-developed frontal anterior 
tubercle will distinguish this species from all others. It closely 
resembles D, paUescens Schlett. and F, htdicus Westw. It may 
be distinguished from both by the short occiput, simple posterior 
margin of head, and by the sculpture of the hind femora ; from 
F, indicuB Westw. it further differs in the neuration. 

A specimen in the British Museum, from Singapore, has 
a white-handed terebra; length of body 10^ mm.; terebra 
9 mm. 

13. ELEGAKS Elliott. 

Dimtephanua elegans Elliott (2), p. 31, $ . 

$ . Frons finely arcuate striate ; vertex trans-striate ; occiput 
nearly smooth. Si)ace between the posterior ocelli trans-striate. 
Postoior margin of bead bordered. Basal flagellar joints normal. 
Pronotum very finely trans-striate and rather shining, basal 
margin smooth ; mesonotum almost smooth. Central lobe of 
scutellum finely punctate. Propleurae finely striate ; mesopleurse 
smooth and shining ; metapleurae and median segment cribrate 
punctate, sepaiuted by a carina. Petiole extremely finely trans- 
striate, shox^r than rest of abdomen, which is smooth and 
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shining. Terebra shorter than body, sheaths white-banded. 
Hind coxiB trans-stria te, their femora bidentate; tibiae compressed 
to middle. 

Black; head rufo-testaceous, vertex slightly darker; three 
basal joints of antennae, prosternum, tegulae, and anterior legs 
rufo-t^taceons, the femora rather darker, tarsi paler, middle 
metatarsus whitish ; hind legs darker, with the metatarsus paler. 
Femoral teeth white. 

Lengthen mm.; abdomen mm. ; petiole 1|| mm. ; terebra 
5 mm. 

Habitat ; Singapore. H. N. Ridley, 1900. Type in British 
Museum. 

A delicate insect, distinguished by the space between the 
posterior ocelli being striate, instead of, as usual, carinate, and 
by the white femoral teeth. 

14. cAaiKiFRONS Enderh 

Diaatephanue carinifrona Enderl. (4), p. 292, $ . 

$ . Head rather small, globose ; frons rugose to coarsely 
reticulate, transrugose between tubercles, from the anterior of 
which a strong carina runs longitudinally down frons. Vei*tex 
strongly tmnsrugose, l>ehin<l this a median longitudinal impres- 
sion, and the occiput finely and closely traiis-striate ; posterior 
margin of head bordered. Second flagellar joint one and a half 
times as long as first ; third as long as fiist and second together. 
Neck of prothorax strongly, semiannular finely transrugose, 
posterior margin polished smooth. Mesonotum anteriorly 
irregularly transrugose, posteiiorly coarsely rugoso-punctate ; 
scutellum smooth, apically diffiisely punctate. Mesopleurte 
smooth, with a transrugose longitudinal impression, the apical 
third in front of the impression strongly and densely punctate. 
Meta pleura? and median segment deeply reticulate, scarcely 
separated. Petiole finely trans-aciculate, apical margin narrowly 
smooth and polished, longer than rest of abdomen, which is 
smooth, basally rugose. Terebra longer than body, spicula 
ferruginous, sheaths black, white-banded before apex. Hind legs 
with coxae long and slender, densely trans-striate ; femora 
smooth. 

Black ; head except vertex and apices of mandibles, and 3^4 
basal antennal joints ferruginous ; anterior margin of frons and 
a median streak below anterior tubercle ferruginous ; posterior 
margin of pronotum yellow ; anterior legs red-brown ; hind 
tarsi and tibiss brown. Wings hyaline, nervures pale brown. 

Length 14 mm. ; abdomen 9^ mm. ; petiole 5| mm. ; terebra 
16 mm. ; fore wing 74 mm. 

Habitat : Boekaimnda, Sumatra. 1 $ . Dr. Dohrn. 

Not unlike D. dohrni in colour, but petiole and terebra 
proportionally longer, sheaths of latter white-banded : sculpture 
of pro- and meso-notum difiei*ent. 
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15. NiOBiPBS Sssep}. 

Fmnatopm nigripes Sz6pl., p. 531, $. DioBtephanus n. 
Bnderl. (2), p. 475. 

2 * Frons coai'sely rugose ; occiput trans-striate with central 
impression ; posterior margin of head bordered. Flagellar joints 
normal. Neck short and broad, transrugose, semiannular smooth. 
Mesonotum coaraely rugose; scutellum smooth. Mesopleur® 
aciculate, with diffuse large punctures. Median segment with 
large, more or less confluent punctures, interstices aciculate. 
Petiole finely trans-striate, as long as rest of abdomen. Terebra 
as long as body, sheaths white-handed before apex. Hind legs 
with coxte transrugose ; femora finely aciculate, bi dentate. 

Black ; head and base of antennje red ; niidrlle tibise basally 
and the metatarsus white; hind tibue basally red-brown. Wings 
hyaline, stigma and nervures black. 

Length 20 mm. 

Habitat: Sumbava, Lesser Sunda* Is. Type in Hungarian 
Nat. Mus., Budapest. 

16. PAttViCEPS Enderl. 

Diastephann^a parvicppa Emlerl. (4), p. 296, J . 

$ . Hoad very small and globose. Frons finely alutaceous 
(under a 27-power lens it appears finely and densely aciculate); 
vertex an<l occiput finely and densely transaciculate, with a sub- 
obsolete impression behind. Posterior margin of head bordered. 
Second flagellar joint one and a half times as long as first ; third 
as long as first and second together. Neck giunulate aciculate, 
semiannular smooth ; (mesoiiotum damaged); scutellum polished, 
with a few marginal punctures on central lobe, lateral lobes finely 
punctate. Mesopleune with a few coarse punctures on anterioi- 
half, apex finely and closely punctate. MetJipleurtO and median 
segment coalescent with hexagonal cellular impressions, honey- 
comb-like. Petiole very finely and closely transaciculate, longer 
than rest of abdomen, which is smooth, only extreme base of 
second segment finely punctate rugose. Terebra nearly as long 
as body, spicula ferruginous, 8beath.s black, white- bfinded l>efore 
apex. Hind coxte slender, shining, finely and lightly trans- 
striate; hind femora shining smooth, with microscopic reticula- 
tions. 

Black ; head (except apices of mandibles, vertex, and frons to 
anterior tubercle, wliich are black-brown), base of anteniiso, front 
tarsi, mitldle tibiie and tarsi ferruginous-yellow ; hind tibiro and 
tarsi brown. Wings hyaline, nervures brown ; stigma very long 
and naiTOw, hyaline. 

Length 11 mm.; abdomen 6| mm.; petiole 3| mm.; terebra 
10^ mm. ; fore wing 6 mm. 

Habitat: Soekaranda, Sumatra. 1 Dr. Dohrn. 
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17. FEONTiLiOTA Morfey. 

DimtephanuH frontilima Morley (1), p. 109, $ . 

2. Frons finely reticulate and white pubescent; vertex 
longitudinally aciculatc ; occiput very finely and closely trans- 
aeiculate ; frontal tubercles prominent and acuminate, the 
anterior rather larger. Posterior margin of head reflexed. 
Antennes with first and second flagellar joints of equal length 
and Wither shorter than third. Neck multicarinate, semiannular 
smooth and shining. Mesonotum very short, shining and 
sparsely punctate. Scutellum large and flat, with the impressions 
marked only by two rows of three punctures in front, smooth and 
shining. Mesopleune finely alutaceous and pubescent, with a few 
scattered punctures ; raetapleursB smooth and finely subaciculate, 
separated by a strongly-marked sulcus from the median segment, 
which is coriaceous i)etween veiy large and partly confluent 
punctui’es. Petiole transnciculate, longer than rest of aldoinen ; 
second segment hasally narrowly scabrous, remainder of abdomen 
smooth ; apex of sixth segment discally acutely emarginate. 
Terebm shorter than body, sheaths white-banded before apex. 
Hind legs with coxm tmns- striate; femom «nlutaceous, bidentate; 
tibiae as long as femora, compressed to a little beyond middle and 
there internally exciseil. 

Black ; mouth-parts, inner and outer orbits testaceous ; a longi- 
tudinal line down centre of frons anil tlie tubercles I'ufous; 
anterior tibiuo testaceous and hind tarsi red. Wings narrow, 
hyaline ; stigma lanceolate and subliyaline. 

Length 10^ mm. ; abdomen fiiuim.; petiole 3 mm. ; terebra 
9 ram. 

Habitat: Hangpur, on border of Eastern Bengal and Assam ; 
25. vii. 05. 3’ype in Pusa collection. 

18. TRIUNEATUS Elliott. 

Dimtephanm tnlineatus Elliott ( 3 ), p. B1 , 2 • 

2 . Frons and vertex very finely aivuate striate, o<*ciput 
trans-striate ; carinie between posterior ocelli subobsolete ; 
posterior margin of bead bordered. Second flagellar joint half 
ns long again as first ; third as long as fust and second together. 
Pi'onotum trans-striate; mesonotum diffusely punctate; scutellum 
smooth. Propleuraj smooth ; mesopleur® finely striate and 
punctate; metapleurro and median segment cribrate punctate. 
Petiole trans-striate, npically smooth, as long as the smooth re- 
mainder of abdomen. Terebra shorter than body, with subapical 
white band. Hind coxtn trans-striate, their femora bidentate : 
tnbiac compressed slightly beyond middle. 

Black ; mouth-parts flavous, inner and outer orbits and frons 
centrally and two basal joints of antennae flavous; vertex and 
occiput nigro-riifescent ; legs more or less rufescent. Wings 
hyaline. 



814 


MB. S. A. BLlilOTT ON THE 


Length 9-13 mm.; abdomen 5-8 mm.; petiole 2|-4 mm.; 
terebra 8J-12 mm. 

Habitat: Hoabinh, Tonkin. R. Y* de Salvaza; Aug. 1918. 
Two specimens in the British Museum. 

The colour of the head in this species is exactly as in 
D. hilineatua Elliott, from which it diflbrs in the bidentate hind 
femora and ooncolorous teeth. 

19. OHINBNSIS Elliott. 

Diastephanm chiiterms Elliott (2), p. 78, $ . 

5 . Frons very finely striate, transversely below, becoming 
longitudinal above, round the anterior tubercle and in the ocellar 
space; vertex and occipufc finely longitudinally striate; posterior 
margin of head bordered. Basal flagellar joints normal. Pro- 
notum trans-striate, semiannular more coarsely, especially laterally. 
Mesonotum coarsely punctate; central lobe of scutellum with 
diffuse large punctures, lateral lobes with the external half longi- 
tudinally striate. PropleursB longitudinally striate above and 
smooth beneath ; mesopleurse iilutaccous ; metapleurse coarsely 
punctate above, trans-striate beneath, separated by a carina from 
the cribrate-punctate median segment. Petiole finely trans- 
striate, with extreme apex smooth, as long as rest of abdomen, 
which is smooth and shining. Terebra slightly longer than body, 
spicula rufescent, sheaths black, with subapical white band. 
Hind COX 80 trans-striate; hind femora finely alutaceous and 
shining, bidentate ; tibim compressed to beyond middle, alutaceous, 
the explanate part less strongly sculptured. 

Black ; head except vertex, two basal antennal joints and the 
anterior legs rufescent. Wings hyaline, nervures brown. 

Length 12 mm.; abdomen 8 mm.; petiole 4 mm.; terebra 
13 mm; 

Habitat: China; Haut Mekong, Tong King. R. V. de 
Salvajsa. Type in British Museum. 

Distinguished by the sculpture of the frons and vertex, and 
especially by the striation of the outer lobes of the scutellum. 

20. ALUTAOKUS Morley. 

Dimtephanm alutaoem Morley (1), p. 109, $ . 

5 . Body entirely alutaceous and dull throughout. Head 
finely transrugose in front ; all frontal tubercles small ; vertex 
with one carina behind basal tubei’cle ; a few weak transcaiinsB 
at posterior margin of occiput, which is bordered. Antennae as 
long as head and thorax ; second flagellar joint one and a half 
times as long as first ; third only as long as second ; all flagellar 
joints well discreted inter ae. Neck with a discal longitudinal 
sulcus, apically only laterally transcarinate, semiannular hasally 
explanate. Scutellum as broad as long, apically obtuse, the 
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usual imprassious or rows of punctures are wanting. Meso- 
pleuraB smoother than mesonotuxu and pubescent; metapleure 
confluent with median segment, which is explanate and slightly 
transcarinate immediately before its apex. Petiole shoi'ter than 
the remaining segments, second basally constricted, sixth apically 
discally emarginate. Terebra shorter than body. Hind coxte as 
long as femora, which are strongly incrassate, bidentate, and 
basally angulate below ; tibiae longer than femora, compressed to 
middle and there excised. 


Text-figure 6. 



Bufo-teshiceous ; eyes, ocelli, apex of mandibles, frenum, spot 
at base of petiole, circular spot on each side of basal third of 
second segment, and a larger spot on each side of fourth black ; 
•femoral teeth white ; terebra rufo-testaceous, apically black. 
Wings lacteoua-hyaline, with a circular pale fuscous spot in the 
discoidal cell, and another very faint one below the centrally 
infuscate stigma. 

Length 10 mm. ; abdomen 6 mm. ; petiole 2| mm. ; terebra 
8 mm. 

Habitat: Lonely Mine, Rhodesia. H. Swale, 12. v. 1914. 
Type in British Museum, 
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21. BBEYit^ETioLATUS Enderl. 

Sty>hanu8 brevipetiolatus Enderl. (1), p. 205, ? . Via- 

stephanm b, Enderl. (2), p. 475. 

5 . Head small ; frons finely arcuate rugose ; anterior 
tubercle very long and pointed, the four others indistinct. 
Vertex coarsely transrugose; occiput finely and closely punctate, 
slightly rugose ; posterior margin of head bordered. First and 
second flagellar joints of equal length, third and fourth also 
equal, and twice as long as first. Pronotum smooth and dull. 
Mesonotum irregularly transrugose ; scutellum centrally dull, 
not punctate, the anteriorly convergent rows of punctures deep. 
Meso- and meta-pleurfo and median segment finely alutaceous, 
latter not separated from rnetapleurre. Petiole dull, only apically 
sub-transrugose, stout, clavate, and onlylialf as long as remainder 
of abdomen. Terebra as long as body, spicula yellow, sheaths 
brown. Hind coxae finely traiis-striate. 

Black ; frons, vertex, and a{)ex of mandibles black ; remainder 
of head, four basal antennal joints, and band at base of third 
segment ferruginous ; legs ferruginous, femora basjilly and above 
.and hind tibiae centrally black. Wings hyaline, nervures pale 
brown. 

Length 8 mm. 

Habitat; Johann Albrochtshohe, North Oameroons. L. Con- 
radt. 

The unusually short and stout petiole, together with the dull 
pronotum and scutellum, distinguish this species from all others. 

The group of species, including J), 8cJdette7^eri, logoettsis and its 
v(ir.fa8ciatu8,flavom(icidatns^(ind brevipetiolatus, all from Johann 
Albrechtshcihe, have much in common, and require further 
elucidation. 

22. TRILOBATUS ElHott. 

Diastephanus trilobatus Elliott (3), p. *32, J . 

5 . Frons and vertex extremely finely, occiput more coarsely 
trans-striate ; posterior margin of head very finely borderecl. 
Scape slightly longer than cheeks. First and second flagellar 
joints of equal length, third about as long as first and second 
together. Pronotum transrugose, apically coarsely, basally more 
finely, with extreme base smooth; mesonotum and scutellum 
smooth, with a few coarse punctures ; mesopleurte smooth above, 
punctate below ; metapleur® cribrate punctate ; median segment 
coarsely and irregularly punctate. Petiole shorter than rest of 
abdomen, finely trans-striate, remaining segments smooth. 
Terebra very slightly longer than body, sheaths black. Hind 
cox® basally punctate, remainder trans-striate; femora bidentate; 
tibi® compressed to beyond middle. 

Black; head beneath, inner orbits, and frons flavous; the 
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upper margin of the colour is trilobed, the central lobe extending 
to the lower tubercle, the outer lobes triangular ; antennes basally 
rufo-testaceous ; posterior metatarsi white. Wings hyaline. 

Length 11 mm.; abdomen 7 mm.; petiole 3 mm.; terebra 
11| mm. 

Habitat: Iloabinh, Tonkin. R. V. de Salvaza. Aug. 1918. 
Type in British Museum. 

Diffei’s from 2>. trilineatua Elliott in the shorter second 
flagellar joint, sculpture of mesonotum and mesopleurae, and black 
terebral sheaths. In /). trilineatua and aimillimua two descencling 
rufescent streaks divide the space between the eyes into five about 
equally bioad strips of colour, and the lower tubercle is entirely 
black. In /). trilohatua the narrow central streak extends to 
the top of the tubercle and the outer streaks are broadly 
triangular. 

23. noHHNi Enderl. 

Diaatejihanva dohrni Enderl. ( 4 ), p. 291, 5 . 

5 . Head medium size ; frons anteriorly regularly, posteriorly 
irregularly transriigose, an irregular longitudinal impression below 
anterior tubercle, space between tubercles arcuate rugose ; vertex 
transrugose; occiput rather wavily trans-striate with central 
longitudinal impression and finely bordered. Second flagellar 
joint one and a half times as long as first : third as long as first 
and second together. Pronotum dull, indistinctly transrugose in 
front, posterior margin polished smooth. Mesonotum smooth, 
with diffuse coarse punctures and apically transrugose; scutellum 
smooth, six deep punctures on eacli side. Mesopleurae smooth, 
anterior third densely and finely punctate, with diffuse larger 
punctures, posterior half coarsely punctate on each side of a 
central carina. Metapleurfe and median segment coalescent, 
irregularly and laterally reticulately punctate. Petiole finely 
tmna-striate, apically ti*ansrugose, shorter than rest of abdomen, 
which is smooth, basaJly slightly rugose. Terebra as long as body, 
spicula red-yellow, sheaths entirely black. Hind legs with coxae 
slender, finely and densely trans-striate ; femora smooth, with 
microscopic sculpture. 

Black ; head except vertex and apices of mandibles, 4-5 basal 
antennal joints ferruginous; anterior legs pale ferruginous, hind 
tibiao and tarsi dark brown. Wings hyaline; nervures brown, 
stigma hyaline, apically very pointed. 

Length 18 min. ; abdomen 11 j mm. ; petiole 5^ mm. ; terebra 
18 mm. ; fore wing 91 mm. 

Habitat: Soekaranda, Sumatra. 1 J . Dr. Dohrn ; Jan. 1894. 

This species is not unlike D, carinifrons Enderl. in colour and 
in habitus, but differs chiefly in the stiucture and sculpture of 
head, shorter petiole and terebra, the latter having entirely black 
sheaths. 
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24. QUAORIBEKB HlHott. 

IHastephomuB quadHdens Elliott (3), p. 31, J . 

J . Frons strongly arcuate rugose, vertex and occiput strongly 
trans- striate and sulcate ; three carinaB between posterior ocelli ; 
ocellar space rugose ; posterior margin of head bordered. Second 
flagellar joint one and a half times as long as first ; third as long 
as first and second together. Prothorax coarsely trans-striate, 
basally more finely and extreme base smooth ; mesothorax trans- 
rugose ; marginal punctures of scutellum deep. Propleurao finely 
striate ; mesopleur® punctate above, smooth beneath : metapleurae 
and median segment strongly cribratc punctate. Petiole finely 
ti’ans-striate, as long as remaining smooth, shining segments. 
Terebra longer than body, sheaths black. Hind coxae and femora 
densely and finely trans-striate, latter bidentate, but the two 
prominences on basal half so unusually developed as almost to 
rank as teeth ; tibise compressed to middle. 

Black; head and two basal antennal joints rufo-testaceous ; 
vertex nigrescent. Wings hyaline. 

Length 15 mm.; abdomen 10 mm.; petiole 5 mm.; terebra 
17 mm. 

Habitat: Luang Prabang, Indo-Ohina. R. V, de Salvaza; 
5. X. 1917. Type in British Museum. 

This species is characterized by the unusual development of the 
femoral subsidiary tubercles, as well as by the sculpture of the 
prothorax, mesopleurae, hind coxae, and femora. 

25. TEREBELLUS EnderU 

Stephanus tereheUiis Enderl. (1), p. 204, 5 . Diaatephanua (2), 
p. 475. 

$ . Head small ; frons arcuate rugose, vertex coarsely, occiput 
finely transrugose; posterior margin of head sharply bordered. 
First ahd second flagellar joints of equal length, third and fourth 
also equal and each twice as long as first. Pronotum elongate, 
polished smooth, punctured only in front and round scutellum, 
which is polished smooth, Metanotum very narrow, coarsely 
longitudinally rugose, Mesopleurae polished smooth above, 
densely pubescent and diffusely punctate below; metapleurse 
diffusely, posteriorly more densely punctate, separated by a slightly 
raised costa from the median segment, which is finely alutaceous, 
laterally diffusely punctate, with a fine longitudinal median line. 
Petiole finely trans-striate, about as long as rest of abdomen. 
Terebra only half as long as body, sheaths black, apically ferru- 
ginous. Hind coxie finely trans-striate. 

Black ; face, cheeks, temples, 5 basal antennal joints, anterior 
femora, hind femora beneath, third and fourth stemites ferru- 
ginous. Wings hyaline; stigma and nervures pole yellowish. 
Antennae from sixth joint brown ; hind metatarsus whitish. 

Length 8| mm. 

Habitat ; Lolodorf , South-East Oameroons. L. Oonradt. 
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This species appears to be characterized by the small head, 
smooth pro- and meso-thorax, and very short terebra. 

26. KUFiooLLis Ended. 

DiastephanuB rvficolUs Ended. (3), p. 205, $ tS . 

5? S . Head small, globose. Neck strongly transrugose, 
laterally more finely; semiannular tmns-striate, basally moie 
coarsely and posterior margin laterally irregularly rugose. 
Mesopleurfie dull, with largo diflTuse punctures, upper thiid finely 
granulate punctate, yellow pubescent. Petiole very slender, 
finely trans-striate ; second segment dull, finely punctate, basally 
more granulate. Terebra in $ slightly shorter than body, 
sheaths entirely black. Hind femora hidentate; hind coxm 
smooth, hind tibia} and metatarsus without pubescence. 

Black ; head ferruginous yellow, vertex more brown in $ , 
redder in <5 ; anteiin® darkisli rufo-testaceons, apically brown ; 
posterior half of pronotuin fenuginous; anterior coxae and legs 
pale ferruginous, all tfirsi rufescent. Anterior femoral tooth 
yellow, the posterior black. Wings hyaline ; stignm long and 
yellow, nervines brown. 

Txjngth, 5» 19^ mrn,; petiole 3*2 mm.; terebra 10| mm.; 
fore wing 6 mm. , 8 mm.; petiole 2*2 mm.; fore wing 
4*4- 4*6 mm. 

Habitat: Formosa. H. 8aiiter; May- June 1912. Co-types in 
Dahleii and Stettin Museums. 

Differs from i). Jlavidentatus in the entirely yellowish head, 
not pubescent hind tibiae and metatarsus, black terebral sheaths 
and black posterior femoral tooth. 

27. MACULIFBMUR Ended. 

Diaatephanus maculi/emur Ended, (4), p. 294, $ . 

5 . Head rather large, globose, Fions densely and coarsely 
puncttito- rugose, the rugosities run from the median line 
obliquely backwards, apically more transversely ; space between 
frontal tubercles longitudinally striate ; vertex with three or 
four strong transcarime ; occiput wavily trans-striate and finely 
punctate, with narrow central impression. Cheeks buccate; 
posterior margin of head bordered. Second flagellar joint one 
and a half times as long as first; third almost longer than fiist 
and second together. Pronotum densely tia ns -striate, more 
strongly towards apex, posterior margin poiished smooth, Meso- 
notum apically strongly transrugose, dorsally with deep difluse 
punctures and microscopic striation, a deep impression before 
scutellum, which is polished smooth, with deep marginal punctures 
and subobsolete median impression. Mesopleurae polished 
smooth, diffusely punctate beneath, apically finely and densely 
puncti^*te; metapieurse and median segment separated by a 
Carina between two rows of small punctures, and both with large 
hexagonal to circular punctures, honeycomb-like. Petiole veiy 
Proo. Zool. Soo. — 1922, No. LV. 55 
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finely and densely transacioulate, with narrow smooth posterior 
margin, about as long as remainder of abdomen, which is smooth, 
basally finely rugoso-punctate. Terebra shorter than body, 
spicula ferruginous, sheaths entirely blacks Hind coxed slender, 
shining, very finely transaciculate; hind femora smooth, shining, 
with microscopic reticulations, bidentate. 

Black; head except apices of mandibles, and three basal 
antennal joints ferruginous; posterior margin of pronotum 
yellow-brown. Basal fourth of in tei mediate tibiae, basal half of 
their metatarsus, a small elongate oval spot near apex of hind 
femora outside, and the femoral teeth white. Wings hyaline, 
nervures brown ; stigma very long and narrow, yellow hyaline. 

Length 13-15J mm.; abdomen ram.; petiole 3|- 

4| mm. ; terebra 10-12 mm. ; fore wing 7|-8| mm. 

Habitat : Perak, 1 $ ; Malacca, 1 J . 

Text-figure 7. 


Text-figure 8. 


Diaatephanus auleatua. 


JHaataphanua autcatua. 

28. SULCATUS Elliott. 

Diaetephamis suleatus Elliott (3), p. 80, $ . 

2 . Face irregularly rugose, vertex and occiput trans-striate, 
with very distinct longitudinal sulcus; three stout, curved 
carince between the posterior ocelli; posterior margin of head 
bordered. Scape longer than cheeks. Basal flagellar joints 
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normal. Neek finely trans-striate, semiannular smooth in fronts 
basally arcuate striate ; mesonotum rugose ; scutellum laterally 
strongly punctate; metanotum longitudinally carinate. Pro- 
pleuraB smooth ; inesopleurse finely trans-striate, apically punctate; 
metapleursB and median segment cribrate punctate, the latter 
with an elongate triangular cential basal punctate and very 
finely trans-striate and dull space, bounded by large punctures. 
Petiole trans-striate, shorter than the remaining smooth 
segments. Terebra shorter than body, spicula pale red, sheaths 
black. Hind coxse finely trans-striate, their femora glabrous, 
bidentate ; tibiae compressed to middle. 

Black ; head red, apices of frontal tubercles and the carina on 
the vertex black; two basal antennal joints rufo-testaceous, 
third darker red, apically black. Anterior tilna^ and all tarsi 
rufescent ; femoral teeth white. Wings hyaline. 

Ijengtli 13 mm. ; abdomen 7| mm.; petiole mm. ; terebi'a 
11 mm. 

Habitat : Luang Prabang, Indo-China. H. V. de Salvaza ; 
29. ix. 1917. Type in the British Museum. 

The sculpture of the median segment resembles that of 
Z>. UucodoHtua Schlett., which the author describes as basally 
and centrally smooth,” and agrees also in the colour of the head 
and of the femoral teeth. It differs in sculpture of head and 
prothorax and black terebral sheaths. 


29. SALOMOxxs Westw. 

Stephmus aalornonis Westw. (5), p. 128, $ . Dictatephicmus s» 
Morley (1), p. 107 ; Brues, p. 100 ; Elliott (2), p. 74, $ . 

5 . Frons and occiput arcuately rugose, latter with slight 
longitudinal sulcus; posterior margin of head bordered. Second 
and third flagellar joints of equal length, and about one-third 
longer than first. Neck elongate, glabrous, centrally deeply im- 
pressed and laterally vallately elevated ; semiannular smooth, 
with a few apical transcarinm, and a band of indistinct punctures 
before the base. Mesonotum rather densely punctate; meso- 
pleurse subglabrous, with a few superficial punctures; median 
segment with large, rather dense, but not confluent punc- 
tures. Petiole rather longer than rest of abdomen, trans- 
striate; second segment basally constricted and slightly rugu- 
lose, remaining segments smooth. Terebra slightly shorter 
than body, sbeiitbs entirely black. Hind coxae trans-striate, 
hind femora alutaceous, shining, bidentate; hind tibiee com- 
pressed to middle. 

Black ; face below antennie, inner orbits partly, outer orbits 
entirely pale stramineous ; mandibles and anterior legs bright 
ferruginous ; hind legs with coxae, base of femora and apex of 
tibiae more or less black. In the type-specimen the basal half 

56 * 
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of the hind femora is black all over, but in the other above only. 
Wings hyaline. 

Length 16 mm.; abdomen 10 mm.; petiole 5| min. ; terebra 
15 mm. 

Habitat: Solomon’s Island, New Hebrides (Westwood); 
Solomon Islands (Woodford). 

The specimen descril)ed by Westwood, now in the British 
Museum, was taken during the voyage of H.M.S. ‘ Herald ’ in 
1866. The abdomen is wanting, but the three- jointed tarsi prove 
it to be a female. In the same collection is a perfect specimen, 
tiiken by C. M. Woodford, probably about 1886, from which the 
description has been completed. 

The extraordinarily deeply-excised neck of pronotum is very 
distinctive of the species ; I know of no other at all like it. 

Mr. T. C. Brues (Z. c.) describes a specimen from Wai ai, 
Solomon Is., which he considers to bo this species. It differs in 
colour, in the legs being entirely black, except apical half of 
hind femora and basal constricted part of their tibiae, second 
flagellar joint rather longer. The peculiar formation of the neck 
is not noted, but it is said to be finely trans-rugose, mesonotum 
irregularly rugose-reticulate in front, smooth behind. Allowing 
for the personal equation in descriptions, and the common 
variation in the colour of the legs in insects, I think the specimen 
described is truly this species. 

Schletterer (p. 123) tentatively synonymizes this species with 
his i). pallescms from the Philippines; from it, however, 
]), scdovionis diffei*s in the alx)ve-named formation of the pro- 
thorax, the proportionate length of the basal antennal joints, and 
in having bidentate hind femora ; these in D. pdleacens are tri- 
deutate, 

30. ,CELEBENSIS Sz4pl. 

Fv&natopns cetehemiB Sz^pl., p. 531, J. Diasiephanm 
(2), p. 475. 

5 . Frons coarsely and indistinctly transrugose ; occiput finely 
transrugose, with indistinct central impression ; posterior margin 
of head bordered. Flagellar joints normal. Neck elongate, 
smooth in front, feebly traus-striate behind ; mesonotum and 
scutellum smooth; inesopleura smooth, anteriorly rugose-punctate. 
Median segment cribrate punctate. Petiole finely trans-striate, 
nearly as long as rest of abdomen. Terebra rather shorter than 
body, sheaths black. Hind legs with coxie finely transrugose ; 
femora shining, extremely finely alutaceous, bidentate. 

Black ; temples, cheeks, and inner orbits yellowish ; mouth, a 
median stripe on frons, and base of antennae yellow-red ; anterior 
tibiae, basal half of hind tibiae, and the tarsi brown-red. Wings 
hyaline, stigma centrally yellowish, tegulae brownish. 

Length 16 mm. 
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Habitat : Toli-Toli, North Celebes. Type in Hungarian 
National Museum, Budapest. 

31. szBPLiGETii Enderl. 

Diastephmiua BzepUgetii Enderl. (2), p. 476, $ , 

J. Frons irregularly rugose; vertex with two transcarin©; 
occiput densely granulate rugose. Temples inflated. Scape 
shorter than second flagellar joint, which is scarcely twice as long 
as first ; third and fourth of equal length and shorter than first 
and second together. Pronotum polished smooth ; propleur© 
very finely punctate in front, centrally finely and densely acjicu- 
late, smooth behind, separated from pronotum by a deep sulcus. 
Mesonotum dull, diffusely punctate, anteriorly rugose. 8cutelliim 
smooth, with large diffuse marginal punctures. Mesopleura^ 
rugose and finely punctate; inetapleur© coarsely reticulate 
rugose, separated by a longitudinal carina from median segment, 
which is somewhat smooth, diffusely and deeply punctate, apically 
rugose. Abdomen rough, finely and densely punctate; petiole 
shoiiier than rest of abdomen. Terebra shorter than body 
(sheaths broken). Hind cox© finely and densely punctate, 
posteriorly finely striate. 

Black: head ferruginous, except apices of mandibles, vertex, 
and occiput; scape, first flagellar joint, apices of femora, tibia? and 
tarsi except last tarsal joint, fen uginous. Wings hyaline, stigma 
brown-yellow, nervnres golden-brown. 

Ijcngth 15 rnin.; abdomen 9 mm.; petiole 3| mm.; spicnla 
13 mm.; fore wing 8 mm.; expanse of wings 17} mm. 

Habitat : Sierra Leone, West Africa. 

32. SIMILLIMUS Elliott. 

Dlaatephanns simiUimvs Elliott ( 8 ), p. 82, 5 . 

$ . Head extremely finely trans-striate; flagellar joints normal. 
Neck rather finely trans-striate, semiannular smootli ; mesonotum 
punctate; mesopleura? smooth above, punctate beneath ; median 
segment and metapleune cribrate punctate. Petiole very finely 
trans-striate, slightly longer than the remaining smooth segments. 
Terebra much shorter than body, sheaths black. Hind coxa? 
trans-striate; femora smooth, biclentate; tibiae compressed to 
middle. 

Black; front of head coloured exactly as in TK trilimattis 
Elliott, to which it bears a strong resemblance. Wings hyaline. 

Length 12| mm.; abdomen 7| mm.; petiole 4 min. ; terebra 
9 mm. 

Habitat: Hoabinh, Tonkin. Ang. 1918; R. V. de Salvnza. 

This species appears to differ from D, trilineatua Elliott chiefly 
in the proportional length of the second flagellar joint, in 
sculpture, and in the entirely black terebral sheaths. Type in 
British Museum. 
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33. BIHILIB Szdp]. 

Ftenatopua aimilie Sz4p]., p. 530, tj, Diaatephanua, Enderl. 

(2),p. 476. 

c?* Frons finely alufcaceo-rugose ; occiput ehort and rugose; 
posterior margin of head bordered. First and second flagellar 
joints of equal length. Neck short, finely rugose, dull, semi- 
annular coarsely rugose, as is also the mesonotum. Scutellum 
diffusely punctured, centrally smooth. Mesopleune finely rugose, 
not punctate ; median segment with large, but not confluent, 
punctures. Petiole finely trans-striate, about as long as re- 
mainder of abdomen. Hind legs with coxae finely trans-striate ; 
femora finely and densely punctate, tridentate; tarsi four- jointed. 

Black ; head ferruginous, vertex nigrescent, temples and cheeks 
yellowish ; anterior legs except middle coxae and the hind tarsi 
yellow-red. Wings hyaline; stigma and nervures brown. 

Length 11 mm. 

Habitat : Simbang, New Guinea. Typo in Hungarian 
National Museum, Budapest. 

This species closely resembles />. biroi Szcpl. from the same 
locality, and may prove to be the male of that species. 

Szepligetti states that in this species, in />. fasciatas S , and 
in H, w'mtneii (S the liind tarsi are four- jointed. This is 
undoubtedly an error, as the sjiid tarsi are five-jointed in all 
other known males, excepting only S, tihiator Sclilett., in which 
they are three-jointed as in the typical female. 

34. FLAVICEPS Elliott, 

Dlaatephanus jimiceps Elliott (1), p. 131, d* . 

d . Frons alutaceous, dull ; vertex ami occiput in front 
arcuate rugose, becoming transverse towards posterior margin, 
which is simple. First and second flagellar joints of equal 
length, third a little longer. Protliorax almost sin noth ; meso- 
notum trans-striate in front, central row of punctures and 
lateral impressions distinct ; median segment coarsely punctate. 
Petiole trans-striate, a little longer than rest of abdomen, 
which is smooth and shining. Hind coxa 3 trans-striate ; femora 
smooth, tridentate ; tibifc compressed to beyond middle. 

Black; face, frons, base of antennw,and anterior legs testaceous; 
cheeks pale red, occiput dark red ; apex of protliorax and the 
hind femora rufescent. Wings hyaline. 

Length 11 mm. ; abdomen 7| mm. ; petiole 4 mm. 

Habitat? The type in the British Museum bears a label 
** F. Sm. coll. 79. 22.” without locality. 

36. FUSCilirBRVis Cam. 

FoRnatojyaa fuacinervis Cara. (4), p. 101, d . 

d . Frons rugose-punctate, laterally closely trans-striate ; 
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vertex closely trans-striate, as also the occiput, which has an 
indistinct longitudinal impression. Anterior three frontal 
tubercles stout, conical; the posterior smaller and more rounded. 
Second flagellar joint not quite twice as long as first. Pronotum 
closely aciculate, basally smooth, with an apical transcarina. 
Hesonotum centrally trans-striate ; acutellum smooth. Meso> 
pleurae basally and apically sparsely punctate ; metapleuraa 
reticulate, lower half smooth, with four suboblique carinae. 
Median segment strongly reticulate. Petiole closely trans- 
striate, nearly twice as long as rest of abdomen, which is 
short ovate. Hind legs with coxae finely trans-striate ; feniora 
rather dull, basally transrugose, triilentate; tibiae compressed 
to middle. 

Black ; head dark red, vertex nigrescent, outer orbits yellow ; 
pronotum basally, second and thii'd abdominal segments laterally 
testaceous; anterior coxae, trochanters, tibiae and tarsi rufo- 
testaceous ; hind tarsi red. Wings hyaline ; stigma and 
nervures pale fuscous. 

Length 12-14 mm. ; abdomen 5^-7 mm. ; petiole 3|-4J mm. 

Habitat : Kuching, Sarawak. Type in British Museum. 

3G. FLAVIFRONS Elliott. 

iJiastephanm flavifrona Elliott ( 1 ), p. 131, cf . 

(S . Frons iri’egularly rugose, vertex tmiiscarinate, occiput 
trans-striate ; posterior margin of head bordered. Second flagellar 
joint nearly twice as long as first; third not quite as long as 
first and second together. Pronotum trans-striate, deeply 
impressed at apex; mesonotuin centrally smooth, laterally rugose, 
lateral impressions distinct. Mesopleurje finely striate; meta- 
pleurje punctate; median segment coarsely punctate. Petiole 
trans-striate, as long as rest of abilomen, which is smooth 
and shining. Hind coxm trans-striate; hind femora smooth, 
bidentate. 

Black ; face and lower lialf of frons white, the edges of the 
colour sharply defined, that of the black forming an inveii^ed W, 
and the mandibles apit^ally broadly black, sharply delined ; frontal 
tubercles rufesceiit ; two basal antennal joints pale red ; apex of 
pronotum obscurely, second and third abdominal segments, 
anterior tibisB and tarsi rufescent. Wings liyaline, with red and 
green iridescence. 

Length 11 mm. ; abdomen 8 mm. ; petiole 4 mm. 

Habitat: Quop, West Sarawak. G.E. Bryant; iv. 1914. Type 
in British Museum. 

This species is distinguished by the colour of the head ; the 
black colour of the mandibles, which is unusually broad, has a 
straight margin against the white of the face, while the lower 
border of the dark upper part of frons forms a clear-cut broad 
inverted W. 
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37, FASCI4TDS Szepl. 

Fimaiopm fmciaius Sz^pl.^ p« 529, S . Diastepfmnua Enderl. 
(8), p. 476. 

c? . Frons finely and distinctly tmnsnigose ; occiput short and 
transrugose; posterior margin of head bordered. First flagellar 
joint subglobose, little shorter than second. Pronotiim elongate, 
slender, transrugose. Meaonotum and scutelhim nearly smooth. 
Mesopleune anteriorly finely rugose, indistinctly punctate. 
Median segment with large, superficial, and not very dense punc- 
tures, interstice alutaceous. Petiole densely trans- striate, longer 
than rest of abdomen. Hind coxoe densely and irregularly trans- 
rugose; hind femora finely alutaceo-punctate, dull, bidentate; 
hind tarsi four- jointed. 

Black; head except vertex, base of antennie, prosternum, 
anterior legs, hind femora centrally, hind tarsi, and apical angles 
of second segment yellow-rod ; tegula* flavoiis, with black spot. 
Wings hyaline, nervures yellow-brown, stigma centrally flavons. 

Length 9 mm. 

Habitat: Sumbava. Type in Hungarian National Mnseuin, 
Budapest. 

38. FLAVONOTATUS ElHott. 

Dktstephaniis Jlavonoiaius Elliott (2), p. 32, J • 

(S . Frons extreinel}^ finely transversely coriaceo-rngose ; 
vertex with four cnrinaj ; occiput short, finely trans-striate, its 
posterior margin simple. Anterior frontal tubercle almost 
obsolete. 8cape a little shorter than cheeks. Second flagellar 
joint one and a half times as long .as first. Neck elongate and 
slender, the whole pronotum obsoletely trans-striate, becoming 
subnitidnious basally, with a short longitudinal fovea. Scutellum 
smooth'; mesonotuin nearly smooth. Pro- and meso-plenrm 
smooth, the latter (lifi5*usely punctate ; metapleuroe smooth in 
front, reticulate rugose behind ; median segment coarsely punctate. 
Petiole very finely trans-striate, shorter than the remaining 
strongly nitiduloiis segments. Hind coxno slender, trans-striate; 
their femom smooth, with two largo white teeth ; tibiae com- 
pressed to beyond middle. 

* Black ; frons flavons, vertex ferruginous, occiput nigrescent. 
Antennae testaceous; pronotum subrufesceut. Anterior legs 
rufo-testaceous. Hind coxae black, femora ferruginoua, centrally 
paler; tibiae darker, apical ly and the metatarsus flavous, other 
tarsal joints rufesoent. Petiole black, remaining segments 
rufescent, a large circular flavous mark on each side of third 
segment near base. Wings hyaline, iridescent; nervures pale 
fuscous. 

Length 19| rnm.; abdomen 6^ mm.; petiole 3 mm. 

Habitat: Kuching, Sarawak. 14. v. 1900. Type in British 
Museum. 
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This may prove to be the male of D, leucodmtus Schlett., algo 
from Sarawak, with which it agrees in the obsolete frontal 
tubeixjle, short occiput, and very largely in sculpture. The round 
flavous spots on third segment are very distinctive, and 1 do not 
feel sure enough of the connection to unite them. 


Doubtful Species. 

The following spetues cannot be placed, in con8e(j[uence of 
defective descriptions : — 

Megischus canadensis Davis. 

Megischus canadensis Davis, Tmns. Anier. Ent. Soc. xxiv. 
p. 341) (1897), 5 . 

** 2,14 mm., ovipositor 18 mm. 

“ Black, with cliecks beneath and posterior tarsi dirty yellow ; 
four anterior logs witli tibia*, tarsi .and apiml trochanter, also 
bind troclh'inters, pnk* piceous; wings hyaline, nervures and 
stigma reddish-brown : the sculpturing is different from and 
much finer than in the preceding species (itf. Jloridantis^ see 
below), tlie head, including face, is circularly reticulate, very 
finely so on the occiput ; prothorax coarsely reticulate ; petiole 
irregularly transversely wrinkled ; five spines of the head are 
mere transverse prominences and the anterior ocellus is in a 
broad, rather deep basin ; gtiides of ovipositor broken. 

One sj)ecimen from Toronto, Canada, collected July 15th by 
Mr. T. C. Priddey.” 

Stephan us diadema Fab. 

Fir^nis diadema Fab, MSS. Type in Mus. Kilue. 

dtephamis diadema (Fab.), Westw. Trans. Ent. Soc. Lond. iii. 
p. 277 (1843). 

“I am unfortunately unable to determine whether this uii- 
described insect be specifially different from the last {S, bicolor ) ; 
tbe notes whicli ] made at Kiel simply stating that the amns 
diadema of the Fabrician cabinet is a Stephanus with a red head.” 

There appears to bo no other reference to this species, though 
the name appears in all lists of Stephanida*. 

Stephanus divbbsus Schlett. 

Megischus furcalus Brulle, Hist. Nat. Ins. Hym. iv. p. 539 
(184G); Westw. Trans. Ent, Soc, Lond. 1 850-51, p. 228, $. 
Stephamts diversus Schlett. Berl. Ent. Zeit. xxxiii. p. 133 n889), 

“ Niger, alls fere fuscis, abdominis segmento secundo landgato, 
valvulis terebrsD nigris. Fern. 

“ II est noir, avec les joues roux et la base des mandibles d’un 
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roux ferrugineux, Les ailes sont lavees de bistre et leurs 
nervures sont noires. Cette esp^ce ressemble beaucoup k la 
pr^edente (annulatoTssfarcatushep. <fe Serv".). Elle n*en 
pour ainsi dire, qiie par sa taille moindre, par la couleur plus 
fonc^e de ses ailes et par les valves de sa tari^re qui sont plus 
gr^les, sans anneau blanc, et dont Textr^mite n^est pas lanceolee 
eomme dans Meg, annulator. Long, du corps 0*030, de la tariere 
0*040. Hah, le Br4sil ; collect, de M. Serville. 

“ Le nom furcaius, qiii porte cette esp^ce, vient sans doute de 
ce que le prothorax est echancre eu avant. Cette disposition 
existe dans le M, annulator^ dont la partie anterieure du 
prothorax est d’un roux ferrugineux.” 

Schletterer writes : — “ Brulle has described under the name of 
cmnulator,, a species previously named fnrcatm by Lepeletier and 
Serville in 1825. furcatae^ which is sufficiently distinguished 
from furcatus Lep. t Serv. by the entirely blnck terebral 
sheaths and darker wings, must be re-named : I call it diversus,^^ 

Mbgischus floridanus Davis. 

Megiachiia floridmiua Davis, Trans. Amer. Ent. Soc. xxiv, 
p. 349 (1897), $ d. 

“ $ d — 2 20 mm., ovipositor 22 mm. ; d 6 mm. 

Black, with head, thorax, and tarsi slightly reddish, decidedly 
so in d ; guides of the ovipositor in 5 with a broad white band 
near the apex ; wings yellowish fnsco-hyaline, nearer hyaline 
in d ; front, vertex, hind coxhb, and petiole strongly rugose and 
more or less reticulate, distinctly so on vertex and prothorax, 
and in J on petiole, becoming finer towards apex ; front above 
antennae very rough and with five tubercles distinct, the lost 
two placed between the hind ocelli ; heel segment of hind tarsus 
with ,large, dense scopal pads. 

“ Two specimens from Florida, collected by Mr. T. C. Priddey.” 

Stephanos frontalis Klug, Westw. 

Stephanua frontalis Klug, MSS. ; Westw. Trans. Ent. Soc. 
Lond. iii. p. 276 (1843) (sine descript.). 

“ Species adhuc inedita, in Mus. Reg. Berolinensis conserv. 
Habitat Caput Bonae Spei.” 

Stephanos spoliator Smith. 

Megiachus spoliator Smith, Journ. Proc. Linn. Soc. Lond. 
vii. p, 6 (1884), $ . Stephanua spoliator Schlett. Berl, Ent. 
Zeit. xxxiii. p. 117 (1889), $ . 

‘‘M. niger, mandibulis et antennarum basi rufis; thorace 
rugose ; pedibus anticis et intermediis ferrugineis, tarsis posteri- 
oribus rubris ; alis hyalinis. 

Female, Length 7 lines. Black ; the mandibles, palpi, and 
five basal joints of the antennie feiTuginous ; the face rugose, the 
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fi'ont with three short Acute tubercles placed in a triangle, 
behind which the head is transversely rugulose ; behind the eyes 
is a broad cream-coloured stripe, which extends to the base of 
the mandibles. The thorax rugose, with large punctures on the 
metathorax ; the anterior and intermediate legs ferruginous. 
Abdomen; the first segment, which forms the petiole, trans- 
versely striated ; the rest of the abdomen smooth and shining ; 
the ovipositor more than one-third longer than the body ; the 
wings hyaline, the nervures black,” 

This species is from Waigioii Island, near New Guinea. It 
appears to show aflSinities with D.salonmiia Westw. and P. pietism 
Roman, both from the same region, but the details are too scant 
to place it with certainty. 

Mbgischus taksalis Smith. 

Megischm ta/rsalia Smith, Journ. Proc. Linn. Soc. Lond. v. 
p. 137 (1861), $. 

“M. niger, pedibus anticis et intermediis ferrugineis, tarsis 
posterioribus rubris, alia subhyalinis. 

‘ ‘ Fenmle, Length 9 lines, Black ; tlie head coarsely sculptui ated, 
on the face transversely so ; the front with a transverse ridge, 
befoi'o which are two acute tubercles touching the eyes, and a 
central, more elevated one, a little in advance. The thorax coarsely 
punctured, the prothorax forming an elongated neck; the anterior 
and intermediate legs ferruginous; the dilated apical portion of 
the posterior tibiae and the tai-si bright ferruginous; the posterior 
coxa^ rugose, the femora bidenlate; wings fuscous, the nervures 
dark >)rown. Abdomen : the ovipositor the length of the body ; 
the basal segment or petiole finely striated transversely, the 
following segments smooth and shining ; the ovipositor with a 
wide fascia of white a little before the apex. Uah, Bachian. 

“This species diflers from M, coronator in the form and situation 
of the tubercles on the front of the head ; the neck is much 
longer and more slender ; the ovipositor is as long as, but not 
longer than the body.” 

Schletterer tentatively synonymizes this species with S. taraaiua 
Sichel, with which it corresponds in the infumation of the wings, 
length and colour of terebra, sculpture of petiole, and, to some 
extent, in the sculpture of head and thomx. It differs in having 
the head black, thorax coarsely punctate, and in the much 
smaller size. The details given are insufficient for certain 
identification. 
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EXHIBITIONS AND NOTICES. 

May 9th, 1922. 

Dr. A. Smith Woodward, F.R.S., Vice-President, 
in the Chair. 

The Secretary exhibited, and made remarks upon, a medal 
struck to commemorate the 150th Anniversary of the Royal 
Academy of Belgium. 


Mr. F. Martin Duncan, F.Z.S., exhibited, and made remarks 
upon, a series of cinematograph-filins illustrating various stages 
in the life-historj^ of the Wood- Ant {Formica rufd) and of the 
Common Wasp {Vefipa germanica), and asked the Society to 
accept the series for its Zoological Film Library. 


Dr. Chas, F. Sonntag, F.Z.S., exhibited, and made remarks 
upon, a series of specimens and lantern-slides illustrating some 
points in the Anatomy and Physiology of Whales. 


Hay 23rd, 1922. 

Dr. A. Smith Woodward, F.R.S., Vice-President, 
in the Chair. 

The Secretary read the following Report on the Additions to 
the Society's Menagerie during the month of April, 1922: — 

The registered additions to the Society’s Menagerie during the 
month of April were 369 in number. Of these 95 were 
acquired by presentation, 105 were deposited, 156 were purchased, 
3 were received in exchange, and 10 were born in the Menagerie. 

The following may be specially mentioned : — 

A pair of Abbott’s Duikers (Cephalophus spadix) ^ new to the 
Collection, from XJsambara, presented by H.E. Sir Horace Byatt 
on April 1st. 

1 Gambian Pouched Rat {Crieeiomys gambianu8\ from French 
West Africa, presented by Curtis G. Lampson, Esq., on April 3rd. 

1 King Guereza {Cdobus polyc(mv>s\ from West Africa, 
deposited on April 28th, 
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2 Vociferous Sea-Eagles {Haliaetm vocifer) and 2 Tufted 
Umbres {Scopus umhretta)^ from Tanganyika Territory, pre- 
sented by H.E. Sir Horace A. Byatt, K.O.M.G., on April 1st. 

2 Tufted Umbres {Scopus U7nbretta)^ presented by Mr. J. D. 
Loveridge, F.Z.S., on April 1st. 

2 Australian Cat-biids {^kwmlus riridis), from New South 
Wales, new to the Collection, purchased on April 21st. 

6 Laughing Kingfishers {Dacelo gigantea)^ from South Australia, 
purchased on April 13th. 

4 Kagus {RhmocheUis jubatus)^ from New Caledonia, pur- 
chased on April 21st. 

2 Tawny Frogmouths {Podargus strigoides) and 5 Regent 
Birds {SeU'uddcs chrysomphidns)^ purchased on April 21st. 


Mr. R. r. PooocK, F.R.S., F.Z.S., exhibited, and made remarks 
upon, a living example of the rare Bush-Dog Speothos vmaticus. 

Mr. E. G. BouTiENaER, F.Z.S., and Mr. F. Martin Duncan, 
F.Z.S., exhibited, and made remarks upon, a cinematograph 
record which they had taken illustrating the life-history of the 
Axolotl {Amhlystorna tigrinum). 


Mr. D. Seth-Smith, F.Z.S., exhibited, and made remarks upon, 
a series of photographs be bad taken of some recent important 
additions to the l^iety's collection of Birds. 


The Rev. H. N, Hutchinson, M.A., F.Z.S., exhibited, and 
made remarks upon, a plaster cast of a model reconstruction of 
the marine reptile Peloneuctes phUarchus, a Pliosaur from the 
Oxford Clay, stating that he bad received valuable assistance 
from Mr, Ed. Godwin in completing the model. 


June 13ih, 1922. 

Prof. E. W, MaoBridb, D.Sc., LL.D., F.R.S., Vice-Pre.sident, 
in the Chair. 

The Secretary read the following Report on the Additions to 
the Society’s Menagerie during the month of May, 1922 : — 

The registered additions to the Society’s Menagerie during the 
month of May were 489 in number. Of these 336 were acquired 
by presentation, 14 were deposited, 122 were purchased, 4 wore 
received in exchange, and 13 were born in the Menagerie. 

The following may be specially mentioned : — 

1 Bush-Dog {Speothos venaticus)^ from Northern Brasil, pre- 
sented by H. J. Lynch, Esq,, on May 23rd. 
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1 Californian Sea- Lion (Otaria calif ornica)^ born in the 
Mena/^erie on May 27th. 

2 European Beavers {Castor Jlbe7')^ irom tlie River Nidelven, 
Norway, purchased on May 23rd. 

A collection of birds from Colombia, presented by Mr. W. K. 
Pomeroy. F.Z.S., on May 0th, inclu<liiig 2 Colombian Red- 
ruin ped llangnests {Cassicm uropi/gialis), new to the Collection ; 
2 Crimson-backed Tanngers {Mhainphocftlus cliinidlatus) ; 4 Colom- 
bian Crested Colins {Eupsychoriyx lencopogon)^ and others. 

I Sclator’s Curassow {Crax sclaterl), i Crested Ciirassow {Crax 
alector)^ and 2 Purplish Guans (Penelope pniparascens), from 
Brazil, presented by Dr. Paulo de Silva Prado on May 12tb. 

3 Loadbeater’s Cockatoos {(^amina lendbeateri), hatched in the 
Menagerie on May 1 9th. 

1 Shovel-footed (ycratophrys {(^eratophryscidtripes)^h'in\\ ]\Torro 
Velho, Brazil, new to the Collection, presented by George Chalmers, 
C.M.Z.S., on May 29th. 


The Secuetauy brictly described the technical siile of tlu' 
(\)uncirs scheme to establish an Aijuarium in the Society’s 
Gardens. 


Proc. Zool. Soc.— 1922. No. LVl. 
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37. Notes on E»st African Birds (chiefly nesting habits and 
stomach contents) collected 1915-1919. By Aktbub 
L ovKBiDaK, F.E.S., O.M.Z.S. 

[Recoivod October 22, 1922 : Read November 21, 1922.] 

The following notes are ba^ed on a collection of about a 
thousand skins representing 51 families, 216 genera, and 402 
distinct species, besides several hundred eggs; it does not include 
a collection made in Uganda, but refers to tkoae from the coastal 
colonies — Kenya Colony (then H.E.A.) ; Tanganyika Territory 
(then G.E.A.); Portuguese East Africa ; Natal. 

No object would he served in publishing the whole list of 
species, and the following field-notes selecded from my diary 
relate to the nesting habits, stomdch contents, European 
migrants, and other items of generid interest. 

The principal localities mentioned in the following pages 
are : — 

Kenya Colony — Bissel, Fort Hall, Frere Town, Kabete, 
Kedong Valley, Kijabe, Lake Naivasha, Nairobi, Voi. 

Tanganyika Territory, — Dar-es-8alaam, Dodoma, Kongwa, 
Longi(lo West, Makindu (Msiha River), Morogoro, Mpwapwa, 
Mt. Meru, Ngari Mtoni, Soko Nassai, Tal)oi'a, IJluguru Mts. 

Portiiguese East Africa^ — Lorenzo Manjues, Lumbo (mainland 
opposite Mozambique). 

Durban . 

I should like to take this opportunity of thanking Dr. V.G. L. 
van Soineren, Dr. Hartert, and Mr, Arthur Goodson for 
undertaking the identification of many of the specimens*. To 
Dr. Hartei't, I am also indebted for his kindness in coirecting 
proofs and seeing these notes through the press. 

Home half-dozen new species or mces contained in the collection 
have been described by Dr. van Someren. 

Nectaiuhia ekichenowi Fisch, 

This Sun-bird is particularly associated in my mind with the 
red inflorescences of Leonitis leonimiSy of which it is particularly 
fond. Clinging to the stem of one of these plants, the bird 
rapidly runs around the circlet of red flowerlets, in quick 
succession driving its beak into the tube-like bases of the Sowers 
and passing on to the next till that particular plant is 
exhausted (fcjabe, 26. vi. 15). 

Ohalcomitra seksgaleksis IN.ESTIMATA Hartert. 

The species has a very wide distribution in East Africa, having 
been met with in strikingly different types of country. In 
captivity it does well on sugar slightly moistened ; to this I abided 
pRoc. ZooL. Soo. — 1022, No. LVII. 57 
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a few ants, for without such additional insect diet they do not 
thi’ive for long. It was a surprise how quickly the bird took to 
this form of food, sitting on the edge of the bowl and sipping at 
the mixture, with occasional intervals in which it gave vent to 
the characteristic wliistling chirp. I have seen the Scarlet* 
breasted Sun-bird hovering in the air and taking termites on the 
wing (Moi»ogoro, 10. iv. 18). 

Nest with one egg (Morogoro, 19. ii. 17) ; nest with two eggs 
(Morogoro, 13. iii. 17) ; building (Morogoro, 9, xii. 17). 

Chalqomttla verreauxi a. Sm. 

Verreaux's Sun -bird was found nesting on the Bluff at lluiban 
(21. xii. 14) ; the two eggs were of a chocolate colour. 

Anthreptes collaris Vieill. 

The Natal Collared Sun-bird also found nesting on the Bluff 
with two eggs (Durban, 21. xii. 14). 

Motacilla vinuA Sundev. 

The East African Pied Wagtail is one of the sweetest songsters 
in the country, and quite rivals a canary. Its favourite perch 
when singing appears to be the ridge of a I'oof ; in such a situation 
I have seen three or four of these wagtails in company with a 
row of swallows (Morogoro, 14. ii. 17). 

A nest containing three hard-set eggs was found on the brink 
of a waterfall at Kabete — such a waterfall and surrounding scenery 
as one might find in the Vale of Neath (Kabete, 26. v. 1 5). 

Motacilla plava cjampestris Pall. (</. Ibis, 1921, p. 666). 

During the month of November 1918 large flocks of Yellow 
Wagtails were to be met with at Dar-es-Saltiam. They were 
particularly plentiful on the land near the sea-front, where they 
ran at the heels of the transport oxen which were pastured there. 

Macronyx croceus Vieill. 

A nest of the Yellow-breasted Pipit containing a single egg 
which disappeared the following day (Nairobi, vii. 15). 

Serinus striolata AFFiNis Bichmond. 

Nest with three eggs (Kabete, 24. v. 15). 

Passer griseus suahslicus Neum. 

A nest of the Swahili Grey Sparrow containing three eggs in 
the masonry of a house. Both nest, eggs, and situation similar 
to those of the English Sparrow (Kongwa, 25. iv. 17). 

Hypochera orientalis Beichw. 

Found a freshly-killed male lying dead in the bush without 
any visible signs of violence ; one leg was missing from the knee, 
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but this was evidently an old injury, as it had long since healed. 
Whilst examining it, my attention was attracted by the 
demonstrations of a Shrike {HarpoUates aenegaienaia orientaUa\ 
and a short search discovered its nest with the hen bii*d sitting 
on the clutch. Was it possible that the Shrike had killed the 
Weaver, which had been unable to escape owing to its crippled 
condition ? (Morogoro, 29. iii. 17). 

CoLIUSPASSER ARDENS TROPICUS Reich W. 

Nests of the Red-collared Whydah with three eggs in each 
were found on 9.iv. 17 and Lvi. 17, and many more between 
those dates, the species being quite common at Morogoro 
(Morogoro, 1917). 

OOLTUSPASSER LATICAUDA Licht. 

Many nests were found on the plains at Nairobi between 

22. V. 1 5 and 5. vi. 15, containing three eggs, which comprises the 
clutch. Two clutches of three eggs were found at the same place 
on 7. V. 19. (Nairobi). 

CoLTTTSPASSER EQUES Hartl. 

Four neats with two eggs in each were found between 1.3 

23. iii. 17. It would appear that two is often the full clutch. 
The nest is similar to those of other members of the genus. At 
first n. framework in the shape of an oval is made between two or 
more stout grasses at a height of 3 feet from the ground, or 
thereabouts. A loosely-built domed grass net is woven on to the 
framework, and the eggs laid in the bottom of the nest without 
lining of any kind (Morogoro, 1917). 

OoLTUSPASSER JACKSONi Sharpe. 

The males of Jackson’s Whydah and the foregoing species 
dance round and round the female as she sits on a tuft of grass, 
the object of the dance being to display the ex tmord inary long 
black tail-feathers which arc put on for the breeding season. 
The dance is really a hop, and it is quite ridiculous to see the 
birds appearing and disappearing as if shot into the air by some 
unseen spring. Round and round goes the bird, till the grass is 
trodden do\^'n in the vicinity of the central tuft to such an extent 
that one could hardly credit that it was the work of so small a 
creiiture. Doubtless they resort to the same spot day after day. 
The dancing rings, about two feet in diameter, are common 
enough, and become almost bare of grass. The lengthy tail 
seems to hamper the bird in flight as it leaves the grass or 
bushes ; occasionally one is seen with its tail at right angles to 
its body as it sits on a branch or briar. Unwieldy as they appear, 
attempt to catch one, and you always find you just fail ; at the 
eleventh hour the owner of the tail manages to get under way 
(Nairobi, 1. v. 9). 


57 * 
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Ptrommlaka xantmomrlana Eapp. 

Nesting in company with P, nigromntrU and P. fiammwp$^ 
Nosti containing three eggs each found on 20. iii. 17 and 5. iv .17 
(Morogoro, 5,iv. 17). 

P^ROMEtANA NIQRIVENTBIS CaSS. 

Nests of the Black-bellied Bishop-bird with full clutches of 
three eggs were found from 14. ii. 17 to 30. iii. 17. So common 
were these nests in places, that as many as thirty could be found 
in about the same number of square yards. The most favoured 
locality where I met with them was on the edge of a belt of dense 
thorn-bush scrub at Morogoro. Sharp spear-grass mingled with 
other kinds grew rank to one’s shoulders, whilst scattered thorn- 
bushes obscured by the luxuriant vegetation waited to entangle 
the feet of the unwary. Several species of Yellow Weavers flew 
about in the trees from which their pendent nests were hung ; 
below were the agitated Bishop- birds, whose scarlet-and -black 
plumage showed to best advantage against the rich green of the 
freshly-grown grass. Many other birds frequented the spot, and 
joined their voices to the tumult which greeted the intruder. 
The nests of the Bishop-birds were so similar to tliose of the 
Coliuspaaser just described that a fresh description is unnecessary 
(Morogoro, 14. ii. 17). 

On one occasion (20. ii. 17) when visiting this s])ot, I found a 
dead female Black-vented Bishop-bird sitting upon three eggs 
containing live young ! A few ants were crawling about the eyes 
and mouth of the dead bird, but it was so fx’esh that 1 was able to 
leave it twenty-four hours before skinning. Seventeen days 
later I examined the same nest and found two more eggs in it 
(9. iii. 17), so it appeared as if the male had installed another mate 
in the. nest. The death of the bird may also be e.Kplained by the 
presence of a Green Mamba {Dendraapia angvsticepa)^ which was 
lying sunning itself on a thorn-bush not 20 feet away. It is 
possible to suppose that it had bitten the bird, which was just 
able to flutter back to its home before succumbing to the eflects 
of the poison (Morogoro, 9. iii. 17). 

PVROMELANA FLAMMIOBPS HwainS. 

The eggs of the Fire-crowned Bishop -bird are the same hedge- 
sparrow-egg blue as the preceding species, but are I’eadily 
distinguishable by their slightly larger size. Nests containing 
full clutches of three eggs were found between 23. iii. 17 and 
5. iv. 17 (Morogoro). 

Qpblea intermedia Reichw, 

Nest with three eggs (Nairobi Plains, 7. v. 19). 

QuELEA CAEDINALIS Ilartl. 

Four nests of the Cardinal Finch eoataining three eggs each 
were found (Nairobi, 7 & 8. v, 19). 
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Spermestes sp.) either oucdiiUlta Swiaiie. er scdtata Heugl. 

Green headed Mannikin. Two and four eggs respectively 
(Kabete, 24.y. Id); two eggs (Soko Nassai, 22.v. 16); one egg 
(Mott>goro, 30. iv. 17) ; two eggs (Nairobi, 7. v. 19). 

1 have fm|uently found the hen-birds sitting on their eggs in 
the deserted nests of other species of Weaver, which they do to 
save themselves the ti’ouble of building. A nest was situated in 
a very exposed thorn-hush on an exj)OS€^d hillside at Kabete. 
Two of the eggs Wei’s perfectly fresh and two were perfectly bad, 
BO much so that they exploded when pricked with a pin ; the fiftli 
egg was empty, with a very small hole in its side such as might 
have been made by a bii^d’s claw, and the contents removed by ants. 
Another of these weaver-finches was sitting on its eggs in the 
nest of a weaver {Ploceus xatUhops^ which had been built in 
sedges growing in the waters of a swamp at Boko Nassai; yet 
another had adopted the I'etort-shaped nest of another species of 
Plocetis, wdiich was situated in a banana-palm, aliout 10 feet from 
the ground, growing on the banks of the river at Morogoro. 

UR/EGINTHUS BENOALUS ANGOXiENSIS Liim. 

One egg of the Blue-bi'easted Waxbill in a nest (Lumbo, 
28. X.18). 

Utt-fsoiNTiius NIASSENSIS lleichw. Niassa-land Bengali. 

On the outward voyage to East Africa, when at Lorenzo 
j\Iarques, 1 made a note in my diary that a small blue bird had 
built its nest in a thorn-bush just above that of a wasp, and 
speculated whether it had been done for protection. I forgot 
tlie incident entirely until indexing my notes three years later. 
The sjiecies was probably U, h, angoUnsis. Two yeai-s later, at 
Morogoro, 1 found many nests of V, niassenais. In nineteen 
cases out of twenty these were built over the paper nests of wasps, 
so that one could not appmach one’s band through the thorns 
before the wasps began to threaten and fly round. I watched a 
pair of these birds building over a wasp s nest, and so am certain 
that it is not the wasps which build beneath the bird’s nest for 
the sake of shelter from the rain, though doubtless the arrange- 
ment is mutually beneficial. At Mombasa. 1 have seen the same 
thing with U. b, hrunneigularia^ but at Nairobi, where one of 
these charming little blue weavers is very common, I never 
i*ecollect having seen its nest above a wasps. The same at 
Lumbo, where U. h, angolenaia was very abundant and its old 
nests were to he seen in almost every thorn-bush. 

I was very interested in coming across this pamgi'aph in Belt’s 
‘The Naturalist in Nicaragua.* “A yellow and brown flycatcher 
builds its nest in these bushes, and generally places it alongside 
that of a Imnded wasp, so that with the prickles and the wrsjts it 
is well guarded ” (p. 222). 

Five, four, and two eggs were found in tiliree nests on 13. iii. 1 7 , 
and three eggs in a nest on SO.iii. 17 (Morogoro) 
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Lagonosticta senegala, subsp. n. 

The birds exhibit a preference for the thatch of grass huts 
for a nesting-site, and make themselves perfectly at home, paying 
but little attention to the human occupants of the place ; in one 
such case the favourite pei*ch was the towel-mil. Tins nest 
contained three eggs and a parasitic egg slightly larger ; the male 
bird was sitting on the lot (Morogoro, 21. vi. 17). Another nest 
was found to contain four eggs on 30.iii. 17. 

These charming little birds, which may often be seen in 
company with the blue UrmgintJms hopping about on paths at 
one^s very feet, have been rather aptly christened “Animated 
Plums’' by Sir Frederick Jackson, on account of the rosy or plum 
colour of the males of most of the species. Just before writing 
up these notes, I was watching a pair sitting side by side on the 
bough of a tir-like tree ; they had sidled up to one another till 
they could get no closer. The hen was preening the head 
plumage of tlie male, and afterwards touched beaks, making as 
pretty a little group as one might wish to see. 

Pytelia MELBA KiRKi Shelley. 

Found a nest with three pure white eggs in a very low bush. 
The nest was very similar to that of Urcp.ginthiis, being built of 
dowering grass heads loosely put together, with a tubular 
entrance in one side (Morogoro, 9. iv. 17;. The species is often 
to be found hopping about after dusk, feeding long after other 
birds have gone to roost for the night (Morogoro, 23. vii. 17). 

Amblyospiza unicolor Fisch. 

Builds a finely- woven nest attached to reed-stems over water ; 
such a nest containing three eggs was found (Morogoro, 20. iii. 1 7 ). 

PliOCBUS BKICHENOWI Fisch. 

Clutches consist of two or three eggs ; several such were found 
between 20, v. 15 and 20. vi. 19. One of these birds fell from a 
tree just as an acquaintance of mine was passing l>eneatU. It 
was still warm when brought tome and not a feather disarranged. 
The only signs of violence were blood oozing from the nostrils 
and the beak full of clotted blood. On skinning, 1 found 
extensive hcemorrhage around the eyes and ears, in intestines, 
lungs, and about the heai*t. It appeared to me to have died 
from the poison of a venomous snake, probably the Boomslange 
(Z>. typua) (Nairobi, 18. ix. 19). 

Ploceus nigriceps Lfiyard. 

Some scores of nests of the Black-headed Weaver were 
examined at Morogoro between 13. iii. 17 and ll.iv. 17, and 
found to contain pure white eggs, wliite eggs with red blotches, 
pure blue eggs, and blue eggs with red blotches ; the usual number 
for a clutch appeared to be two; three, however, was not 
uncommon. A bird which 1 took to be this species was en- 
gaged in stripping the leaves of a Bussu Palm into threads. It 
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accomplished this by flying to a frayed edge and taking this in its 
beak, flying slowly down with it (Morogoro, 20. xii. 16). 

One of the Black-headed Weavers surprised me to-day by 
dodging after a Praying Mantis in the manner of a flycatcher. 
Almost immediately after catching the insect, however, it dropped 
it ; presumably owing to the mantis making good use of its fore- 
legs (Morogoro, 7. xii. 17). 

Plocbus SPBKEI lleugl. 

Out of a large colony of freshly-made nests found on the plains 
and dependant from a thorn-tree, only one was found to contain 
anything, and that but a single fresh egg (Nairobi, 10. vii. 15). 

Okiolus bbachyehynohus l^ioe Sharpe. 

The note of the Black-headed Oriole is as lovely as its plumage. 
On a hot afternoon, when all is still, you may be surprised by 
suddenly hearing a liquid cry of “ tokio ringing out very clearly 
quite close to you. You look in the dii’ection from which the 
sound ciame and hear it again, but perhaps behind yon. The 
bird appears to be aware that its cry is likely to draw attention 
to it, and so frequently after giving a call it slips away to some 
fresh perch, where it is concealed by the foliage. The natives 
say that it (?nlls ndugii, ndugu,” which is Kiswahili for brother, 
brother.’^ By imitating the call, 1 have frequently been success- 
ful in attmcting the bird to the very tree beneath which I was 
waiting (Morogoro, 7. vii. 17). 

Amydeus mobio rOppklli VeiT. 

Riippeirs Red-winged Starling and A . tenuirosiria go about in 
tlie same flocks, for both s})ecies fell to one shot from a gun when 
they were pillaging fruit-trees in the Uluguru Mts. A. waller i 
>vas taken later near the same place. A solitary bird was shot 
on the lower slopes of the mountain near Morogoro, where they 
very rarely come ; its neck was 8tripj)ed bare of feathers, which 
gave it so peculiar an aspect that 1 quite failed to i*ecognise it 
till shot. The only explanation I could think of was that it had 
been snared at some time or bad been worried by lice and 
scratched tliem ofl" ; the skin was, however, uninjured. At Fort 
Hall, A. m. riippelli made such a noise on the roofs and gutters of 
the houses that it was a perfect nuisance ; they seemed to have 
adapted themselves to the habitations of man as much as the 
English Starling. 

Speeo suPEBiiUS Rlipp. 

The White-banded Glossy Starling will build in holes in cliffs 
or trees, or make a great untidy nest in thorn-bushes. A pair 
were seen carrying food to their chirping young in a cliff-fissiu’e 
in the Kedong Valley (vii. 1 5). A nest containing young was 
found in a hollow tree at Longido West (30. i. 16). Another 
nest with young was found in a thorn-tree at Dodoma (20. xii. 
18), whilst nests with bright blue eggs were found at Mpwapwa 
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OoiiYUS acAPULATtJfi Daud. 

Pied Crow. At Liimbo, T found a broken egg-shell in a culti- 
vated patch) and on enquiry found that the native proprietor had 
pulled the nest down from a cocoanut palm ; after this I seai’ched 
and found a good many nests, one containing three veiy large 
young ones and another some newly-hatched (Lumbo, x. 18), 

Diobueus afer lugubris Riipp. 

At Government Farm a White-shouldered Crow was giving 
vocal expreficaon to its feelings after the manner of its kind, 
cawing hoarsely in the midst of a held of stubble, FiK>m a 
nearby mango-tree, stooping like a hawk, came a Black Drongo, 
and went straight for the croaker, who took to wing at the last 
moment. Its more active assailant landed on its back when 
about 40 feet fiom the gi’ound and gave the Ci’ow a good 
pecking, then, clearing off, it returned triumphantly to its j>erch. 
I searched for, but found no signs of a nest ; possibly the Drongo 
had an ear for music and disapproved of the raucous cries 
(Morogoro, 20.xii. 16), 

Ianius collabis HUMBBALis Stanley. 

This Shrike, which is very common at Nairobi, breeds all the 
year round, for at any season the young birds may be seen on 
the telegraph wires clamouring for food with shivering wings. 
Nests with eggs were found on the following dates : — One 
(13. i. 15); two (22. V. 15); four (l.vi. 15); three (5. vi. 15). 
Nearly all the nests were built in thorn -trees. There is no lack 
of thorns for their larders, and grasshoppers appear to be the 
most common food ; huge caterpillars were also found, whilst on 
one occasion a small frog (Happia sp.) was found impaled on the 
point' of an aloe. A friend told me that he once found a small 
blue weaver {Uraginthiis sp.) impaled on a thorn and still 
alive. With diabolical ingenuity the Shrike had twisted other 
thorns across in front to prevent the bird freeing itself (Nairobi, 
l.vi. 15). 

Laniabius sublacteus Oass. 

A nest of the Lesser Pied Shrike with one egg (Lumbo, 
28.x. 18). 

HaEPOLESTES SENBGALA OIIIENTALIS Cab. 

The Greater Ked- winged Bush -Shrike was found nesting on 
the 26tb and 29th of March, 1917. In both instances only two 
eggs were laid. The nests were very shallow, composed of a 
base of small twigs and rootlets with a lining of much finer 
roots, Hiey were both in bushes, one being at a height of 4, 
the other 5, feet from the ground (Morogoro, 29.iii, 17). 
Nest with young about 7 feet from the ground (Morogoro, 
4.iv.l7). 
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Malaconotus poliocephalub BLANOHOTi 8teph, 

OheBtliut-breasted Tbick*billed Shrike. One af these beautiful 
Shrikes was seen sitting on its nest in tlie fork of a rubber 
sapling which had sprung from the stump of a felled rubber-tree. 
The nest was at a height of 18 feet from the ground, and was 
slightly hidden by a few withered yellow leaves, but all the 
surrounding trees in the plantation were bare of foliage. The 
t^ggs, of which there were three in the nest, were slightly 
larger than an English Blackbird’s, and were thickly freckled 
with brown and faint purple on a white ground. One contained 
a chirping chick, already breaking from its shell, and this I left ; 
the other two were unfertile and easily blown (Morogoro, 
2. xi. 17), 

Eurocephalus RliPPELLi Reichw. 

The White-headed Shrike was found building a very beautiful 
and solid nest on the tip of a branch of mimosa-thorn quite 
12 feet from the trunk and perhaps 9 feet from the ground 
(Kongwa, 25. iv. 17). 

Crateropus kirki Sharpe. 

A nest of this species was taken on a mimosa bough about 
10 feet from the ground. It hehl three eggs of Kirk’s Bubbling 
Thrush and one slightly larger egg of a Cuckoo (Voccyatea ca/er ) ; 
all the eggs were uniform greenish-blue (Lumbo, 22.x, 18). A 
cock-bird was found sitting on three eggs (MoTOgoro, 23. iii. 17). 

PvCXONOTUS BARBATUS MICRUS Obeihols. 

Tlio Yellow-vented Bulbul breeds during the greater and lesser 
rains, if not all the year round. Many nests were found at 
Morogoro on the following dates : — Two young ones in a. nest 
in boughs of a flamboyant (8. xii. 17;; two eggs and three eggs 
in a similar situation (14. xii, 17) ; young in a nest in a bunch 
of banajias in palm (16. i, 18); two eggs (26. iii. 17); and one 
egg(ll.iv. 17). 

After a night of heavy rain, I witnessed a somewhat unusual 
sight. Not 15 yards from where 1 was standing, termites 
were flying from their nest-holes. No less than seven species of 
birds were engaged in catching them, of which five were seed 
or fruit eatei*s. The birds were tw^o Weavers {Lagonosticta sene- 
g(da subsp.), two Waxbills {IL niassensis), one Finch (A', idei^its 
harhaiu8\ one Sparrow (B. g, suahelicns)^ two Pied Wagtails 
( Jf. rwZwa), and two of these Bulbuls, whilst, to add to the colour- 
eftect, a dainty Scarlet-breasted Sun-bird [C, s, mmtimata) 
hovered above and captiu'ed the termites on the wing (Morogoro, 
10. iv. 18). 

Pycxonotus TBicoiiOR PALLiDUS Roberts. 

Veiy abundant at Lumbo. Five nests, each containing two 
eggs, were found on 28.x. 18. 
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Andropabus 1KSUX..ARIS Hartl. 

Many nests of the Coast Olive Bulbul were also found, and 
five clutches of two eggs each taken ; two wouh^ appear to be 
the normal number for a clutch. The eggs are white, scribbled 
and blotched with brown and faint purple at the larger pole, in 
some cases all over. The nest is small and shallow, composed of 
twigs, and lined with fine rootlets (Limibo, 28.x. 18). 

Prinia mystacea tenella Fisch. 

Nests of the White-eyebrowed Grass-Warbler, with three eggs 
in each, were found on 22. iii. 17, 5. iv. 17, and 21.vi. 17 at 
Morogoro. 

Bylvibti'A whytei Shelley. 

This Warbler constructs a most beautiful punse-like nest, 
which it hangs from the branches of a thorn-bush. Three nests 
with eggs were found at Lumbo on 28.x. 18, and a bird was 
sitting on two eggs at Morogoro on 28. xi. 18. Two appears to 
be the normal clutch. 

Cisticola lugubris Riipp. 

A deserted nest of tlie Brown-headed Grass- Warbler, con- 
taining one egg, was found ; from the interior roof of the nest 
dopemled the jiaper nest of a wasp, whilst a small company of 
solitary bees had their comb in the bottom (Ruaraka River, nr. 
Nairobi, H.x. 19). 

Cisticola erythiiops Hartl. 

A nest of the Rufous- fronted Grass- War bier containing three 
eggs (Nairobi, 5. vi. 15). 

CiCHLABUsA guttata Heugl. 

The Spotted-crested Ground-Thrush is a very sweet singer, 
generally holding forth from thickets just befoi'e sunset ; it does 
not expose itself when singing. The mud nest is built upon a 
branch or, more i-arely, in a fork ; it is very deep. The eggs 
are of a uniform blue colour. A bioken egg beneath a nest on 
12. i. 17 ; in another nest young on 22. ii. 17; two eggs in a 
nest found on 4. iv. 17 and two more in one on 6. iv. 17 (Moro- 
goro, 1917). 

Tchitrea cristata suahelioa Reichw. 

I have Been this Paradise Flycatcher hovering up the trunk of 
a tree, picking the insects off’ the bark whilst on the wing. It 
constructs a beautiful cup-shaped nest, which it covers with 
lichen; one such was attached to some epiphytes at a lieight 
of 8 feet above a mountain torrent, and contained young (Ulugurii 
Mts., 28. xi. 18). 
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Riparia eupigula Fisch* 

Nest of the Rufous-throated Rock-Maitin, containing three 
eggs, attached to tlie wall of a cattle-shed (Kabete, 6. v. 18). 

Hibundo smithi Leach. 

A nest of the Wire-tailed Swallow with three eggs (Moro- 
goro, 23. vii. 17); with two eggs and apparently deserted (Frere 
'rown, 1. vii. 19). At Moi’ogoro on 14. ii. 17, 1 made a note that 
tiiousands of swallows had been gathering on the telegraph wires 
for the past few days, apparently for migration. 

Hirundo puella unitatis Scl. 

The Smaller Stripe-breasted Swallow was associated with the 
preceding species in the assemblage forj^migration at Morogoro 
(14. ii. 17). A dead bird was found upon her nest, which 
contained three eggs, one of which was plain white (Kongwa, 
25.iv. 17). 

Along the riv'er these birds nested against the rocks, but almost 
every liouse in Morogoro })ad its nest with the typical long 
entrance passage of mud. The birds are most persistent, and will 
continue to build in rooms, where they are not welcome and where 
tlioir nests are knocked down again and again. The earliest date 
at which 1 found a nest at Morogoro was on 25. vi. 17, and the 
latest 1»5. viii. 1 7. Tliree eggs is the invariable clutch. 

On 23. vii. 17, 1 found a nest with no entrance tunnels, and 
broke a small hole into it, but found no eggs. On agfiin exam- 
ining it a few days later, there were three eggs, and the hole 
1 had made had been neatly finished off with mud to form a 
window or third outlet. In one instance I oj^ened a nest care- 
fully, and found three eggs; two w^ere white witli faint reddish 
speckles and the third pure white (23. vii, 17) ; these I took. On 
1, viii. 17, 1 again visited the nest ; the small hole I had made had 
been i’e])aired, and three eggs .again laid of which one only was 
white. On 1 5. viii. 17 a third visit was made, and again three eggs 
found of which one w^is white. A fortnight later the hole had 
been again repaired, and the bird was sitting. I did not molest 
her further, as such persistence deserved its reward, and it was 
the variation in the clutches that caused me to rob her. 

Calling on an English sergeant on one occasion, I found him 
nursing one of these swallows, which had a broken wing ; he was 
endeavouring to feed it on crumbs and meal. He had, it tmiis- 
pired, thrown a stone at the bird as it sat chirping on the roof- 
ridge : to his surprise and grief he hit it, and was now endea- 
vouring to restore it to health by a vegetarian diet!! (Morogoro, 
27.i.l7). 

Hirunbo kmtni Reichw. 

Emin’s Swallow was only once met with at Morogoro (31. vii. 
17) whan evidently on migration, three birds in poor plumage 
being seen. A pair of these birds, after starting the foundations 
of twenty-one nests on the roof-rafters of my office verandah. 
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appear to have at last selected a spot exactly above the most 
frequented place — i. 6., between the stairs and door (Nairobi, 
8.vi. 19). 

15.vi. 19, The birds sat with dabs of mud in their beaks, 
uttering their pecidiarly sweet metallic notes. The nest is about 
finished. 

22. vi. 19. During the week the entrance tunnel has been 
under construction, the work proceeding very slowly. 

28. vi. 19. The birds appear to have gone away. 

1. viii. 19. The weather has been very cold and dull during the 
past month, and the swallows have only twice put in an appear- 
ance, when they added a few feathers to the nest. 

7. viii. 19. Felt in the nest, and there appeared to be no lining 
worth mentioning. 

14. viii. 19. Nest with lining of grass and featluu’s, and one 
bi*oken egg with a streak of red in it, lying on the ground, having 
been pulled down by a rutliless native. When did the egg get 
incubated ? Is it possible 1 did not feel to the bottom of the 
nest on the 7th inst. ? 

Cypselus AFFINI8 Ilardw. 

The Indian Swift is extraordinarily abundant at Frei*e Town, 
where gi^eat numl>er.s of them fly about, screaming, towards 
evening ; in fewer numbers they are to be seen at most liours 
of the day. They build along the clifis or under the eaves of 
verandahs, Tlie nests are constructed of feathers and straw, so 
cemented together with mucilage that tliey have the strength 
and consistency of caitlboaitl. A large number of nests were 
examined on l.vii. 19; ten of these held young, three held 
incubated eggs whose clutches numbered four, four, and three 
respectively. One nest had a single fresh egg in it. 

A nestling was picked up at Morogoro, 29. x. 17. 

Tachornis parvus Yerr. 

My notes on the curious nesting habits of the Lesser Palm-Hwift 
have already been published *. On July 17th, 1917, I revisited 
the cx)lony which were nesting in the cocoanut-palms (not 
banana-palms, which w’as printed in error). One nest was 
completely upside down, Ijaving been built that way ; the bird 
was broo<ling two eggs which were nearly ready to hatch. 
Another nest liad a bad egg which had a small hole in the top of 
it, probably made by a bird’s claw. Another held newly-hatched 
young; yet another was occupied by downy young. In one 
instance both birds were on tlie nest and appeared to be paimL 
Some nests were unfinished, possibly abandoned. 

On 4, ii. 18, I again visited the spot ; in one nest there were 
two fresh eggs, several hard-sat clutches in others, newly-hatched 
and half-grown young in the rest. 

* ** Observation! on tbe Nesting Habitt of tbo Palm Swift etc.*' Mem. Proc. of 

tbe Matidi6«ter Lit. M Pbil. 8oc. v(A Iju. pt ii. (19ia). 
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OAPBiMULairs BtTROPJius Linn. 

The Ettpopean Nightjar was oollected at Htn^goro (24. k. 17). 

Caprimulous fossbi mossambicus Hartl. 

A single egg, perfectly fresh, was picked op and brought to me 
by a native. A good series of bittls were collected (Lumbo, 
28.x. 18). 

CoRAOiAs oarbulus Linn. 

The European Roller on migration was met with on several 
occasions. An immature female was shot at Nairobi (29. x. 15). 
Large numbers of them were seen at liongido West (ii. 16). 
Specimens were obtained fi'om a flock at Morogoro (10. xii, 17). 

CoRACiAS OAUDATus Linn. 

The Lilac-breasted Holler was seen clinging to a blasted tree 
just below a suitable nesting-hole. On both occasions when I 
approached the tree I was made the subject of very noisy demon- 
stnitions, so 1 concluded that they were nesting in the hole 
(Hissel, 20. xii. 15). 

A pair of l)ii*ds were obtaine<l at Kongwa (23. iv. 17) in very 
fine plumage, and during that year they were extraordinarily 
abundant at Morogoro. In the stomaclis of several specimens 
were found many nauseous and warningly coloured grasshop[>ers 
{Zonocerm elegiins Thunb.). 

Some three pail’s lirtnl in the neighbourhood of the camp at 
Lumbo. One pair frequented a large haolmb-tree, which served 
as a jumping-ofF ground for their little excumons to rag the 
soberly-giirlietl crows, which they chivvied mercilessly about. 
After these little excursions, one or both of them would soar 
higher and higher above their favourite tree, and then come 
tumbling down in the most extraoitiinary way, more like a winged 
bird that is making an effort to recover itself than a healthy one. 
Towards Octol)er 1918, 1 saw one of the birds outside a hole near 
the top of the baobab, but thought climbing out of the ques- 
tion. At the end of the month a native brought me a Roller, 
which he told me lie had (‘tvught on its nest in a hole in a tree ; 
it was sitting ujxm two eggs which he had broken. I refused to 
]>ui’cbase the bird, but from the information that lie gave me 
I concluded that it was from this baobab that he obtained it, and, 
if so, this would explain their energy in driving off the tTows. 
These birds were extremely shy of approach, whilst those met 
with at Morogoro were quite the reverse. 

MeLITTOPHAGUS BUtLOCKOIDBS Smith. 

A colony of some fifty White-fronted Bee- eaters was found in 
an artificial pit some 20 cubic feet in size ; the nesting-holes 
had been excavated in the sides of the pit (Ngari Mtoni, nr. 
Arusha, 17.iv, 16). 
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Mebops APiASTER Linn. 

A single pair, in very worn plumage, of the European Bee- 
eater were obtained at Morogoro (17.x. 17). 

Lopuoceros deckkni Cab. 

A male and immature female Von der Decken^s Horn I dll were 
shot on l.vi. 17 at Morogoro, The male had two large eomplete 
mantids in its stomach, whilst the female had only beetles. The 
young female was strikingly diflerent from the male. Its bill 
was black instead of oi’ange-red and yellow ; the wings were also 
spotted with white. 

LoPHOCBROS MELANOLEtJOUS SUAliELlClJS Neum. 

The Swahili Crowned Hornbill was common at Morogoro, the 
type-locality for the subspecies. I extract the following note 
from my diary under date 3. xi. 17 : — “ The last few days we have 
had a small flock of these hornbills flying past in the morning and 
evening ; apparently they return to the big trees along the river 
to roost. They usually frecjuent a group of trees quite close to 
my quarters for a short time before continuing their flight; one 
is soon made aware of their arrival by their shrill whistling 
cries. The birds do not sit together, l)Ut on separate branches, 
from which they make sudden and absurd dives as if they were 
top-heavy and could maintain their balance no longer. These 
little excursions are apparently after insects, though their 
stomachs more often contain the remains of frnit.’^ And on 
4. ii. 18: — “One of these hornbills, which flew over the camp 
to-day, apparently had nesting (!) material in its beak.” 

Whilst out in the bush one evening, I came upon an open 
glade, thereby disturbing the most remarkable assemblage of 
typical African birds which I have ever met with in so small a 
compass. Some twenty Hoopoes (f/. africana) rose, and perched 
for a few moments in the surrounding trees : a large red-billed 
Hornbill (L, m. simhelictia) sailed off in its own peculiar dipping 
flight. Wood-Hoopoes (/?. c, ftchalovn) raise<l their noisy outcry. 
A red-headed Woodpecker ((7. scriptmncanda) paused in its occu- 
pation of hammering a tree, caught sight of me, and dived off 
with a shrill whistle, so that the glade which was so full of life a 
moment before was left to myself (Morogoro, 14. vii. 17). 

Lophoceros nbumanni Reichw. 

A female of Neumann's Hornbill, which was being noisily 
mobbed by a paity of small birds whilst in flight, was found 
to have a praying mantis in its stomach (Morogoro, 28. xi. 17). 

Alcedo semitorquata Swains. 

Half-collared Kingfisher. A native brought me two beauti- 
ful nestlings ; their head, back, and wings were turf|uoi8e-blue, 
their breasts fawn-colour (Morogoro, 28. xi. 17), 
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OORYTIIORNIB CVANOSTtOMA Riipp. 

Malachite Kingfisher, A nest of young ones was found in the 
river-bank at Morogoro (1917). 

IlAnCYON LEITCOCBPHALA Vieill. 

Brown-bellied Kingfisher. Having just stepped out of my 
tent to walk across to my grass-hut one morning, I heard a 
screech and a shrill whistling cry. There was a rush of small 
birds about me, and I was just in time to see a Bouth African 
Lanner (Falco hiamiicm) rise from its stoop with a kingfisher 
in its claws and speed away to a big tree some 20 yards off. 
I shot the Lanner promptly, and it fell stone-dead with the 
kingfisher in its claws (Morogoro, 17.i. 18). 

Halcyon ohklicuti Stanley. 

Striped Kingfisher. Each morning as I wake I hear a pair of 
small kingfishers start shrilling — this coined word seems to 
describe the noise better than anything. The note is not unlike 
** peewit,*’ whistled through the top front teeth, but the one bird 
follows up its mate’s call, so that there is one continuous sound, 
and ot first T thought it was one bird calling. As each in turn 
utter.s its note, it spreads its wings like a fan, then mises them 
above the level of its head, lowers and then closes them, ref>eating 
the performance constantly. It is a pretty spectacle to witness, 
as the wings an<l tail are pai’tially pale blue and displayed to 
advantage. As these little kingfishers are no larger than 
sparrows, and select the topmost branclms of the acacia- trees for 
their f)erforniance, it was some time before I could find out the 
perpetrators of the noise (Morogoro, 20. x. 17). 

Halcyon albiventris okientalis Peters. 

Oriental Brown-hooded Kingfisher. A young lizard (Geirho- 
aanrna flavigxdaris) was in the stomach of a specimen shot at 
Dar-es-Balaam, 26. vi, 18. 

CoLius STEiATUS APFiNis Shelley. 

Mouse-bird. I believe Dar-es-Salaam Colies are referable to 
this race, which was found nesting with three eggs on l.ii. 19. 
A nest and three eggs were taken at Nairobi on 7. v, 1 9. 

COLIUS INDICUS PALLIDUS ReicliW. 

Was collected at Lumlx), where there were many flocks in 
J uly and August ; its cry waa like that of a plover {Stephamihyx). 
After August they weie only seen singly or in pairs ; this should 
have put me on my guard, but it was not till 1 happened on a 
nest containing three eggs that it occurred to me that the birds 
had disbanded for breeding. Search being made, a dozen nests 
were found in October, but nearly all of them contained highly- 
incubated eggs OP young. The ^gs are round, dull stony-white 
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in colour, streaked, blotched, or freckled with reddish-brown in 
great variety* The nests were all situated in thom-trees ; those 
that were putting forth green shoots were given preference ; 
they had deep foundations of thorny sprays, upon which was built 
a cosy nest of moss, lined with fine fibres or grass* The old birds 
sit very close, and make no attempt to leave if merely looked at ; 
one’s hand must be approached unreasonably close before they 
will slip off. The clutch was invariably three (Lumbo, 28. x. 18). 

Bchizorhis africana leucogastra Reichw. 

Many species of Plantain-eaters were collected, but none were 
more difficult to obtain than this species, which frequents sandy 
thorn-bush country. At Dodoma its harsh cry was quite a 
feature of the scrub-life. The “ha-haa” (emphasis prolonged 
on second syllable) has quite a jeering sound as the bird rises from 
some conspicuous perch it lias chosen on the top of a thorn-tree 
(commanding a good view of the dense thorn patch), and, flying 
off for a short distance, le ivas the perspiring hunter to push his 
way through another few hundred yards of tangled undergrowth, 
with the probability of a recurrence of the flight, which seems 
always to be accompanied by the cry (Dodoma, 5. xii. 18). 

Obntropus moxachus Riipp. 

A series of skins were obtained at D^ir-es- Salaam and Lumbo. 
At the latter place the bird wiis very abundant, and was found 
to be feeding largely on maggots in the human fieces so common 
in the bush about the camp. The throat plumage in most of the 
skins was soiled with ffecal matter, and a good (leal was found in 
the stomachs of the birds along with the maggots. Tlie offensive 
smell made the birds most unpleasant to skin. I watched a bird 
feeding in the early morning. The natives titiy tliat the skulking 
habits of this Cuckoo amongst the bushes are an evidence of its 
sense of shame for the diet which it has adopted (Lumbo, 
21.vii.l8). 

At the back of my tent was a large mango-tree whose base 
had been wired in to form a large circular chicken-run, in which 
a hundred and fifty fowls were kept. Early one morning one 
of these Cuckoos flew into the mango-tree, and as the shadow of 
the Cuckoo fell across the enclosure, a panic seized the fowls, 
which fiew and ran en mas9e against the wire-netting with a 
bang ; there tliey crowded and trampled upon each in the greatest 
confusion. They take no notice of the crows passing overhead 
or perched in the nearby palms. Undoubtedly the Cuckoo was 
mistaken for a hawk (Lumbo, 25. iz. 18). 

OocCYSTEs OLANDARius Linn. 

The Great Spotted Cuckoo, of Europe, was first seen about 
September 1917, when a pair flew over the camp at Morogoro. 
Later, a male was shot on 27.x. 17 and another on 29. i. 18. 
A gaudily-cokmred grasshopper {ZorwcmM eJsgam) was found 
numbers in its crop. 
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COOCYSTBS CAPER Licht. 

The African Pied Crested Cuckoo was collected at Morogoro 
(10. xii. 17 ) and Lumbo (22. vii. 18) ; at the latter place an egg was 
found in the nest of a Babbling Thrush ((✓. kirki)^ as already 
mentioned (22. x. 18). 

CucuLus CANOBUS linn. 

The European Cuckoo was twice obtained at Morogoro in 
February 1918 (12th and 26th). The birds were flying across 
the railway-line from south to north about a mile outside the 
town. 

Lybius zomb^ Shelley. 

Were very common at Lumbo, going about in pairs at the 
time of my stay. Perched on tlie bare branches of the baobabs, 
they went through the most extraordinary courting (?) antics, 
accompanied by cries no less unique (Lumbo, 11. vii. 18). 

TricholvBMA lacubymosa Cab. 

The Black-faced HarVjet was collected at Morogoro (11. vii. 17) 
and Dodoma (22. xii. 18). Indian corn was found in the stomach 
of one of tlie specimens from the first locality. 

Track yphon ITS EMIN r Reich w. 

Commoti at Dodoma, wliere they were going in pairs, bowing 
and singitig to one another. A nest with a single young one 
was foun<l in a hollow thorn-tree (Dodoma, 5. xii. 18). 

ClIALCOPET.lA CIIALCOSPILOS Wagl. 

Green-spotted Dove. Two eggs in nest (lAimbo, 24. ix. 18). 

Turtur senegalensis Linn. 

Laughing Dove. Two eggs in nest (Morogoro, 1. viii. 17). 

Tympanistria TYMPANisTRiA Temm. 

Two eggs in nest (Kabete, 24. v. 15). 

P<ECEPHALUS PUSCICAPILLUS Verr. 

I followed a Brown-headed Parrot to a blasted tree, in 
which was a woodpecker’s hole some 20 feet from the ground. 
Failing to get my hand in, I returned in the evening with two 
boys, who chopped the hole open after half -an -hour’s labour. 
One of the stupid fellows place<i the three large white eggs in 
his handkerchief, put same in his pocket and slid down the tree, 
breaking all three,' whieli were perfectly fresh (Morogoro, 25. 
vi.l7.) 

The species was also collected at Da r-es- Salaam and Lumbo; 
at the latter place I had a young one, which was very tame and, 
though loose, made no afctenipt to fly away. 

Proc. Zoon. Soc, — 1922, No. LVIFJ 
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Agapornis pbrsonaius Beichw. 

Parties of this handsome little Love-bird flew about with gimt 
rapidity, screaming noisily ; they were first met with at Kongw^a. 
They were nesting in the holes of a baobab-tiw, whose apertures 
they had apparently partly closed with a defence of thorns. Two 
eggs were found at the foot of the tree side by side, and mea- 
sured I X I inches. How they came to be there I cannot say, for 
they confined embryos nearly ready for hatching (Eongwa, 
26.iv.l7). 

Bubo apricanus Temm. 

The Spotted Eagle-Owl was collected at Morogoro and Lumbo. 
At the latter place one was being mobbed by a flock of crows, 
which had driven it from the shelter of the bush and were 
pursuing it through the mangroves on the sea-shore. It alighted 
on a sand-bank, and was encompassed by a circle of crows, cawing 
with outstretched necks. The group would have made a unique 
photograph (Lumbo, 3. ix. 18). 

PaNDION HALIAETUS Liim. 

The Osprey was found nesting at Lake Naivasha with yoiing 
on 16. vii. 15. 

Falcx) biarmicus Temm. 

A female of the South African Lanner was shot whilst 
devouring a chicken in the topmost branches of a baobab-tree 
(Morogoro, ll.xii. 17). As already mentioned, the cock-bird 
was shot with a Kingfisher in its claws (Morogoro, 16. i. 18). 

Falco cuviERi Smith. 

The African Hobby was shot while eating a Yellow Wagtail 
{Jiotacilla campestria) (Morogoro, 31.x. 17). 

Dissodectes dickinsoni Sclater. 

Dickinson’s Kestrel, shot at dusk in a baobab-tree, was found 
to have beetlas, locusts, and a praying mantis in its stomach 
(Morogoro, 18. vii. 17). 

OsBOHNEis TiNNUNCULUS Linn. 

The Common Kestrel was very common at Morogoro and 
Dodoma; at the latter place particularly it was rarely that 
there was not one in sight, usually sitting on Euphorbia 
bushes, which were scattered about the thorn-bush. One 
which I had in captivity throve well on the remains of 
specimens which I was preserving. On one occasion, hearing 
a succession of screeches outside my tent, I ran out to see 
another Kestrel rise from the cage and fly to a tree near 
by. The captive bird was clinging to the wire-netting of its 
extensive run and screeching, being answered by the bird in 



JBA8T A7B1CAK B1ED8. 


866 


the tree for some minutes. Kearljr a rnonUi later a flight of 
locusts visited the neighbourhood, and my bird exhibitea such 
excitement that 1 released it to see what it would do. Flying 
straight to a large tree in the middle of the camp, it captured a 
locust ; for the next half-hour it remained about the tree, taking 
short flights after the insects and returning to its perch to eat 
them. The following were found in the stomachs of s|>ecimen8 
collected : — A lizard {JSremiae apekii) and skink (Mabuia varia) 
and many locusts in one (Morogoro, 4. xii. 17) ; a lizard {Latastia 
hngicattdata) (Morogoro, 6. ii. 18) ; a small bird (Dar>es-Salaam, 
17. xi. 18); a rat and lizard and a parasitic worm {A. recto- 
mginata) (Dodoma, 6. xii. 18). 

Perkis apivorus Linn. 

The Honey-Buzzard was twice shot at Morogoro (23. ii. & 
l.iv. 18); both were females, the former with grey head, the 
latter with brown. In the stomach of the former were found 
a large number of pupae and grul:)sof the grey liornet (Belonogtister 
grUeus), It has been sjiid tliat the feathei*s around the eyes 
of this Buzzard pi*()tect it from stings, but anyone who has seen 
tlie long stings of Belonogaster might be forgiven for doubting it. 

Elanus CiBRULBUS Desf. 

The Black-shouldered Kite — a raie visitor to England — is com- 
paratively common in the East African bush, where its dove- 
coloured plumage makes it look something like a sea-gull uhen 
on the wing. Specimens were obtained at Nairobi, Dodoma, 
Morogoro, and Lumbo. In tbe stomticb of one was a mouse skull, 
beautifully cleaned and undamaged (5. ii. 18). 

Aqxjila rapax Temm. 

The Tawny Eagle was shot at MoiM>goro (9.ii. 18) and 
Dodoma (6. xii. 18). Tbe former had its stomach full of putrid 
goat’s flesh, and the latter with bullock flesh and oft’al thrown out 
from the slaughter-house, where it was keeping company with 
vultures anti kites. It had a parasitic worm (Ascaris depresavs) 
in its stomach. On the road from Bissel to Longida, I rode up 
to an Eagle which was feeding on a dead mule. It allowed me 
to approach within 30 feet and, when I reined-up, looked at me 
for a moment, and then went on coolly tearing off strips of flesh 
with its beak, which it then transferred to its daws, to be held 
whilst rendered still smaller. In the Kedong Valley two young 
Eagles, just fledged, were seen sitting on the rocks at tbe base of 
the towering cliff, where their nest evidently was (17. vii. 16). 

IiOPHOAfiTus ocoiPiTALis Daud. 

This Crested Eagle was found to be nesting in February. The 
nest was situated in a tree at a height of 80 feet from the gix>und. 
The cry of the old birds when one appaxHtched reminded me of an 
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English Bparrow-HM.wk 8 note wiieii liisturbed. A few days later 
the birds began sitting. It was quite impossible to reach the 
nest, not merely because there was not a branch for 60 feet up, 
but because a swarm of bees nearly two feet in length were 
under the junction of the first branch and the trunk, whilst 
a second swarm hung from the big limb on which the nest 
was placed, about 30 feet from the main stem (Morocoro, 
20.ii.l7). 

Meuebax oabar Baud. 

Gabar Goshawk. The feet of three birds were in the crop and 
stomach ; they appeared to be those of Grass- Warblers (Moro- 
goro, 2. vi. 17). The inelanistic form was obtained a few days 
later at the same spot (Morogoro, 5. vi. 17). 

Astur sphbnurus Riipp. 

Stomach of lliippeirs Goshawk was found to contain locusts 
(Morogoro, 12.vii.l7). 

AsTUii tachiro (^NYANZiE Neum.). 

Probably it was this rnceof the African Goshawk which I obtained 
at Nairobi (20. x. 15) ami Morogoro (20. xi. 17). 1 found the nest 

of tills .species on November 17tb ; it was situated at the top of a 
tree whose lark was studded with thorns; the tree was on the 
banks of a stream in thick bush. On November 20th, I revisited 
the nest at daybreak and saw the hen feeding the young ; she 
was very shy and, being disturbed, did not return. In the 
evening she wa.s on the nest, hut slipped silently away as we 
approached. We had brought ropes, wliich assisted the native 
in his ascent; climbing was a very tedious business, lus the 
thorns had to be cut away all up the trunk. The two young in 
the nest were of very different size, and one would think tJiere 
was quite a weeks difference in their ages; the smaller bird was 
still in the down stage. 

After removing the young, I sat down in the gathering gloom 
and watched the dark outline of the nest silhouetted against the 
sky ; an indistinct something'* sailed past, and the next moment 
the mother could just be seen alighting on the eilge of the 
nest. She had scarcely time to close lier wings when 1 fired, 
and she fell forward dead into the empty nest. This involved 
another climb for the hoy. After gathering up the rope, 
Katchet, and spoils we stumbled back through the bush to camp, 
guided by the gleaming thi*ead of water which lay in the river 
bottom. 

I skinned the bird at once —it was in fine condition — and then 
fed the young with the flesh cut into strips ; they ate with avidity. 
Next morning I fixed up a very fair imitation of their home on 
the top of a bush in the python’s cage. On the 28th they began 
to feed themselves, and were fond of standing' up in the nest. 
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They held down scraps of meat in their claws, tearing it into 
still smaller scraps with their beaks. Up to this time they 
were fed on the flesh of monkey, lemur, rat, bullock, kite, hawk, 
egret, hornbill, kingfisher, roller, wheatear, wagtails, weaver, 
crow, puff adder, and chameleon. All these seemed to agree 
with them except that of the bullock and the chameleon fat, both 
of which they disgorged. 

On December Ist tlie larger of the young Goshawks was 
just beginning to fly about the cage when it disappeared ; the 
12-foot python iiuist have eaten it. I had kept him so gorged 
with dead fowls that I never imagined he would molest them. 
The following day, hearing my monkeys making a gieat outcry, 
I hastened out to find the python sliding silently towards the 
bush on which the nest had been placed. I removed tlm remaining 
hawk just in time, for on passing back to iny tent I saw the 
python bad raised itself to the nest over which he was running 
his snout. Having nowhere else to keep it, 1 left the bird in an 
open grass hut. 

On December 7th it took trial flights about this hut. When 
the two young ones had been in tlie python^s cage I had been 
much j)uzzled by finding their excretii about 4 feet from the 
nest. Now, I observed the remaining bird hop out of* the box in 
which it w^as, turn round on the edge, cock up its tail and 
discharge the fluid whitewash ” to a distance of 3 feet. This 
shows how they are able to keep the nest clean. It disgorges 
pellets of fur l|" x in size. 

The young bird was not in the least like its parent, having 
large pear-shaped brown blotches on the breast like F, hiarmicm. 
The mother, of course, has transverse fine striations. On 
December 13th I missed the bird; the night before it had flown 
about 500 yards and stayed out all night. Someone accidentally 
discovered it in a rubber-tree, and, in trying to recover it, struck 
it with a butterfly net, which cjiused its death the following 
night, as a small clot of blood was found on the spine when 
dissected. 

Butastur rufipennis Sundev. 

A Buzzard Eagle was fairly plentiful at Morogoroand Dodoma. 
The stomach of a specimen examined contained scarabs (Moi*ogoro, 
31.i.l8). 

ClROAfc'TUS PBCTORALIS Smith. 

In the stomach of a Black -breasted Harrier Eagle was a pellet 
of rodent fur, in its gullet was a Hissing Sand Snake 
{P$amm(»phiB mhilam) 2 feet in length, its tail being doubled 
back for about 9 inches; it had been swallowed head first. 
Ouriously enough, four days earlier I stalked a handsome Barred* 
breasted Eagle in the same ti'ee in which I shot tliis s})eoimen. 
On raising my head when within range I lost sight of it, hut a 
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minute later it rose from the mealies two hundred yards from the 
tree, with a snake in its talons. It came so low over my head 
that I was able to recognise the snake as a Hissing Sand Snake. 
The Eagle then ascended in gieat spirals, taking the snake from 
its talons with its beak and gulping it down as it ascended. 1 
was so interested that I forgot to shoot till the bird had finished, 
and then when 1 did fire, missed, so that I was unable to 
identify the Eagle, which was an unfamiliar one (Morogoro, 
4&8*vi.l7). 

Astubinula MONOGRAMMicA Temm. 

Variously known as the African Buzzard-Eagle, Lesser Whist- 
ling Hawk, and One-streaked Hawk. The first name from a 
popular point of view is a very absurd appellation conveying 
the idea of great size. One-streaked Hawk seems to me the best 
popular name conveying some idea of the bird. A female shot 
at Morogoro had a Side-walking Spider (Palystea sp.) in her 
stomach. A male was obtained a few months later (Morogoro, 
2. iv. A 9.vii. 17). 

Circus maceubus Gmel. 

In the stomach of a Pale Hairier was found a young snake 
{Rhamphiophia oxyrhynchus) and a skink (Mahuia striata), whilst 
in that of a second were three species of lizards (Eremias 
spekii, Oerrhosauirus flavigularis^ and Mahuia striata). Here 
the Pale Harrier seems to prefer a reptilian diet (Morogoro, 
31.1*28. ii.l8). 

Melanophotx ardebiaga Wagl. 

The Black Heron feeds along the shore at Dar-es-Salaam when 
the tide is out ; it was there very difficult of approach. On one 
occasion, as I was returning home, one of these small Herons flew 
over the causeway and dropped on a muddy flat not far from 
where there was some grass. I was on the far side of the water 
and immediately made for the place. The bird 1 found was 
performing some very curious antics. Running swiftly forward 
for about six steps, it abruptly halted, placed its beak to the 
ground, and raising its wings, brought them forward and 
downwards, so that for a moment its head was entirely hidden 
by the outspread wings which were brought down to the 
mud. This it repeated again and again until, reaching the 
water, it turned about and practised its steps in the opposite 
direction. 

I imagined that it was a cock perfoi'ming some courting display, 
but on skinning found it to be a hen. Taking advantage of each 
moment when its head was concealed, I wriggl^ forwards through 
the grass till within range, when I diopped it, very dead indeed, 
but a perfect specimen (Dar-^s-Salaam, l.vii. 18). Six months 
later I saw these birds performing the same antics on the fore- 
shore opposite the ruinea Qovemor’s Palace. 
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Abdba melakocsphala Yig« A Child. 

The Black-headed Heron was met with at Dar-ea-Salaam 
(26.vi. 18), Morogoro (29.xi. 18), and Tabora {13.xii..l8). At 
Tabora they were nesting in a great tree in the midst of ciilti*- 
vated ground, the birds winging their way home of an evening 
from their feeding grounds. One of the Morogoro specimens was 
shot stalking about a stubble held, and its stomach on examination 
was found to contain the remains of rats, apparently five in 
number. 

Arbea oinebea Linn. 

The Common Heron of Europe was twice collected at Dar-ea- 
Balaam (5. vii, & 19. xi. 18), the circumstances being as follows : — 

Just 60 feet below the bank on which our house is built, 
and perhaps a hundred yaitis away, lies a one-time estuary of 
the sea ; the fresh water is now shut off from the sea by a 
causeway, but a series of large pipes still allow of communication 
between the two at high tides, after which infusion the water 
is brackish. Here various waterfowl are wont to feed on the 
freshw'ater shrimps and small fish, including the Mud Skipper 
{Periophthalmtta sp.), which is present in large numbers; while 
at day bleak each morning a pair of herons are to be seen standing 
in the shallows. 

Every morning for eight days past I tried to stalk them, 
hut they were too wary, taking to wing whilst one was still a 
hundred yards off. Once disturbed the birds would circle round 
in the blue above, and then, heading over the causeway, would fly 
seawards, doubtless to recommence feeding in one of the quiet 
bays or lagoons with which zhe coast abounds. However early 
I arrived, the birds were there before me, but determined to 
succeed this morning I started out at 4 o’clock. 

When I left the house it was pitch dark except for a waning 
moon whose faint beams were reflected on the shimmering sur- 
face of the dark water. Stumbling around the estuary in the 
spongy soil where crickets were shrilling away, I reached the far 
end, and was carefully withdrawing my feet from a particularly 
boggy piece of ground, when suddenly I became aware of the 
presence of a bird standing motionless in the shallow water 
scarcely 30 feet away. 

I hesitated for a moment, lest in the deceptive light the bird 
might be nearer or farther than it appeared, as I was anxious not 
to damage the skin ; also the report of the gun echoing across 
the water might disturb the slumbers of our neighbours 
occupying the bouses along the opposite bank. Ere I had made 
up my mind the heron rose with a hoarse squawk, and, spreading 
ito great wings, disappeared into the darkness. A smaller species 
arose and settled again further out. 

Pursuing my way round tlie estuary I arrived at an old 
stranded buoy close to which there was a favourite fishing-ground 
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of the birds. Sure enough, before I wns within fifty yards of it, the 
bird again arose and departed across the water. Its mate generally 
fished near a stone some little way fui*ther along the bank, and 
there I espied it ; the recognition was mutual, and it winged off 
to a promontory Avliere 1 could just distinguish it standing in 
the water. 

In pursuance of my original intention, I now lay down in the 
wet grass within range of the stone and here waited for half-an- 
hour until day broke beliind a row of tall palms, which later 
formed a lovely picture silhouetted against the rosy dawn. Tlie 
grass, however, was very short owing to the activities of the 
Sanitary Corps, so that as the light increased, I'ealising how 
conspicuous I must soon appear, I crawled away to a shallow 
iirigation ditch fringc'd with longer grass and within range of 
the buoy. Half-an-hoiir passed which the mosquitoes relieved of 
all monoton)'. It was quite a new point of view to see them 
arrive like so many vultures outlined against the sky, and then to 
alight on the stems of grass which were already burdeneil with 
dew. 

At 6 a.m., reveille sounded and some K. A.R. askaris from a neigh- 
bouring camp came down to wash clothes, but instead of taking to 
flight at their approach, iny heron, now clearly to be seen across 
the shining water, sedately stalked further out. My patience well 
nigh exhausted, I rose on one elhow% and, seeing how^ light it had 
liecoroe, was on the point of giving up when another native came 
down to the opposite bank, and as it appeared probable that he 
would pass near the bird T resolved to wait a little longer and 
crouched low again. 

A hoarse cry from the Heron caused me to look up; afar I 
beheld the big bird rising from the w^ater. Down I ducked, 
face and hand well into the grass, not daring to move lest I 
should attract attention. A few moments of anxious suspense, 
then swish, swish, swish sounded its pinions close overhead, as it 
circled round prepai*atory to alighting. Then came a gentle 
splash as it struck the water. 

Very cautiously I mined my head and looked through the 
grass stems, where, not 40 feet away, stood my victim, sus- 
piciously turning its head from right to left as it strode along. 
Being cramped and stiff, I feare<l to raise my gun lest 1 should 
muddle things, and the weary hours of waiting he wasted ; so 
again I lay quiet until, in its walk, the bird should come into line 
with the barrels of the gun as it lay on the ground — bang ! 

Overhead a raucous squawk and the sound of wings ! What 
then. Surely I could not have missed. Hastily and awkwardly 
I rose to my feet. No ! There lay the victim of my murderous 
early rising floating quietly on the water, stone dead ; a shot had 
pass^ through its neck and a single spot of blood showed on one 
leg. It floated listlessly to and fro as I waded out to bring it in. 
Far out towards the sea a speck in the sky was all that was to be 
seen of the other bird, which, all unknown to me, had come up 
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close behind where I was lying, and, at the sound of the shot, had 
risen with aery. •The dead bird measured 59 inches from tip 
of beak to the tip of its longest claw (Dar-es-Salaam, 5.vii. 18). 

Scopus umbrbtta bannbrmanki C. Grant. 

East African Hammer-head. At Dar-eS' Salaam I found a nest 
from which the young had just flown, according to the natives 
living about 30 feet away. They said that the bird had bred 
there for many years ; its nest, in the fork of a tree, was scarcely 
10 feet from the ground and easily accessible, I was surprised 
that the thrifty natives had not pulled down the load of sticks 
for firewood (8. ii. 19). 

OicoNiA cicoNiA Linn. 

The Wliite 8tork was only met with oiice anti then in thousands. 
It was at Morogoro (19. ii. 18), when about 4 p.m. my attention 
was drawn to ii great flock of l)irds high in the air ; others were 
coming round the western spur of the Uluguru Mtns. from a 
S.W. direction. It was a most wonderful sight, and reminded 
one of the Gannets flying al)out the Bass Rock, with this 
difference : that in lieu of the limitless sea for a background, one 
had the forest-clad slopes of the Uluguru reaching up into the 
clouds. And over the top and down the slopes, or circling mid 
the clouds, still the birds ciune, the specks grew larger and 
larger, then showed w'hite and black until finally they were 
recognisable as storks. 

Thousands upon thousands came sailing through the air 
without visible eflfort. By scores they settled in the trees, stiff and 
erect, their white plumage agaii»st the forest foliage forming a 
not easily forgotten picture. It was very evident what had 
brought them, for they pursued the locusts (which had appeared 
the day before) on the wing, swallowing them in wholesale 
fashion. In flight they carried their red legs straight out behind, 
but when intending to alight, they were allow^ed to hang down 
and swing freely to and fro like a parachute coming to eai-th. 
There is a curious mechanism of the knee-joints, necessitating 
the leg being out straight or bent at right angles ; in either 
position it locks. After death, if the leg was placed in any other 
position, it flew to one or the other of these of its own accord. 

Millions upon millions of the locusts cqntinued steadily driving 
past like rain ; the air was vibrant with the noise of their flight 
and with the steady pinion- beiits of the pursuing storks. Others 
of the insects settled on the vegetation, which was a-rustle with 
them as they hopped, or took short flights, out of one's way. The 
measurement of the outstretched wings of one of the storks was 
6 feet 3 inches. 

Abdimia ABDiim Lioht. 

The following morning the storks were still about, and circled 
over the hospital, where they were made targets of by a number 
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of foolish officers^ who blazed away at them with service rifles. 
One of those shot was brought to me, and 1 recognised it as the 
White-bellied Stork {A. Mimii). When one considers what 
myriads of locusts such thousands of birds must consume — the 
stomachs of those shot being distended with the insects, — what 
folly it is to destroy them needlessly. 

Someone report^ having seen a Secretary Vulture among the 
storks, which were picking up locusts among the stubble of a 
mealie*field. Numbers of hawks, eagles, and rollers were 
harrying the locusts also. 

Crex orex Linn. 

The Oorn-Crake or Land-Rail was taken at Nairobi during the 
first nine days of May 1916 and 15. iv. 19. 

Ooturnix delegorguei Hartl. 

A Harlequin-Quail was obtained under rather peculiar circum- 
stances, and show's how close these birds will s(|uat. I was 
walking across a patch of grass-grown land in Nairobi when 
something rustled at my very feet ; jumping to one side, expecting 
to see a snake, I found it to be a quail that I had trodden upon 
inadvertently (Nairobi, 2, vii. 15). 

The following records of European migmnts may be of 
interest : — 

Oharadrius alexandrinus Linn. Kentish Plover. Dar-es- 
Salaam (13. i. 19). 

Oharadrius hiaticula Linn. Ringed Plover, Nairobi (12.x. 
15) ; Dar-es-Salaam (14. i. 19). 

Trinoa subarquata Giild. Curlew-Sandpiper. Dar-es-Salaam 
(14.i.'19). 

Tringa minuta Leisl. Little Stint. Lumbo (5. x. 18). 

Oalidris arenaria Linn, Sanderling. Dar-es-Salaam (15. i. 19). 

Totanus hypoleucus Linn. Common Sandpiper. Lumbo 
(27. vii. & 4.ix. 18). 

Numenius PHASOPU8 Linn, Whimbrel, Dar-es-Salaam; often 
seen in January 1919, but not collected. 

Numenius arquatus Linn. Curlew. Dar-es-Balaam (7. vi. 18); 
Lumbo (25. vii. 18). 

Htmantopus himantopus Linn. Black- winged Stilt. Tabora ; 
seen only (1 1. xii. 18). 

Babmatopus ostralegus Linn. Oyster-catcher. Dar-es-Salaam ; 
often seen during 1918. 
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Introd'itetion. 

The most remarkable features in the existing classifications of 
the Diprotodont Marsupials* are the positions assigned to the 
Wombat, Koala, and Phalangers. Some zoologists have included 
the Koala in the PhalangeridsB and kept the Wombat separate. 
Others have included the Koala and Wombat in the Phas- 
colarctidae. And othei*8 again have formed three families — 
Phalangerid«e, Phascolarctidae, and Phascolomyidie. It is evident, 
therefore, that there is considerable difference of opinion as to 
the true positions of these animals. To form a lasting and 
natural classification one must examine all anatomical data, so as 
to exclude convergent and adaptive characters, and those which 
represent varying degrees of persistence of primitive conditions 
which were present in their common ancestor. The exclusion of 
these conditions, leaves us with data which are of value for 
purposes of classification. And these can be divided into major 
and minor groups. Minor character are employed to emphasise 
the classification based on major ones. 

In the examination of animals received at the Society’s 
Prosectorium t I observed so many points in their myology 
hitherto unrecorded, or difierent from existing accounts, that I 
have considered it fit to set them down as a separate section in 
this paper. As the anatomy of the skeleton, teeth and viscera is 
already well known 1 have simply mentioned the most distinctive 
characters in the section on classification. 

Myology. 

Mu9gUb of the Head and Nech, 

The Flatyema in all species is muscular in the face and neck. 
It is continuous with the facial, orbital, and auricular muscles, 

^ Foooek (0) aud Otgood (7) bavo reproduced most of tbe systems of classification 
wbiob have be^ propos^ 

+ Tha$eolom$$ (S 9 h ^ha$oalarcto$ einweui ( ? ), Pkalanffer oriMtalU 

(adult female and female mammaiT f<stus), Fstudeekims j^grinM {x f 9). 
Many points in the anatomy of MdMturu$ imlpecula have be^ described by me in 
a fomer paper (10). 
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but the fusion is best marked in Phaacolaroto^, Fibres run to 
the pads of vibriss®, but none are continuous with the well- 
developed muscles in the labial labrets in Fhcbacohmys. There is 
no essential point of dijfterence between the platysma in these 
forms and the Phalangerid®. 

Masseter The general form is similar in PhascoUmye (text- fig. 
31 A) and Phascalaretos* ; in the former the anterior border is 
thick and muscular, but it is thin and tendinous in the latter. 
In Phalanger (text-fig. 31 B) and Pseudochirua (text-fig. 31 0) the 
form differs from the above : in the former the surface is 
subdivided by sulci into three parts, but it is undivided in the 
latter. 

Pterygoids: — Macalister (6) observed that the external ptery- 
goid is small and fused with the internal pterygoid in PJmacolarctoa^ 
but 1 found it separated and well developed in all forms. 

Digastric (text-figs. 32-34 1): — In Phascolarctos it is mono- 
gastric and fused with the mylo-liyoid, genio-hyoid, and omo- 
hyoid; and it is inserted into the mandible. I have already 
shown that it enters into a sheet with mylo-hyoid and sterno- 
hyoid (10), and I believe that the lateral fibres of the sheet 
correspon(l to the digastric. Young (14) describeil two bellies 
and a tendinous inscription. In Phascolomys the broad anterior 
bellies conceal the mylo-hyoid, and strong intermediate tendons 
unite them to the posterior bellies. In Phcdcmger the broad 
anterior bellies do not completely cover the mylo-hyoid, and the 
posterior bellies are fusiform. In Paeudochirua the monogastric 
muscles conceal the greater part of the mylo-hyoid. In no species 
has the digastric any connection to the hyoid bone. There is, 
therefore, a close resemblance between the digastric muscles in 
Phascolarctos and Paeudochirua, 

Mylo-’hyoid (text-figs. 32-34, M-H.M) : — In Phaacolomya and 
the Phalangers the mylo-hyoid runs from the mandible to the 
hyoid bone. But in Phascolarctoa it does not get any attach- 
ment to the hyoid. In my specimen it is fused with the 
sterno hyoid ; and there is, in reality, a stemo-mandihularis. 
Young (14) does not mention fusion of mylo-hyoid and sterno- 
hyoid, but notes that the mylo-hyoid has no attachment to the 
hyoid bone. 

Omo-hyoid (text-figs. 32-34, 0-H.M) : — In Phaacolomya and the 
Phalangers it is attached to the hyoid bone, but no central tendon 
is present. In Pha^colarcioa^ however, it avoids the hyoid bone 
and passes forwards to enter the tongue, wherein it forms a 
lingualis. 

The ansa hypoglossi, which supplies the omo-hyoid and pre- 
tracheal muscles, is derived from the cervical plexus alone in 
Phaaedlarctoa^ Phaacolomya^ and Paeudochirua, In Phalanger I 
observed the nerve receiving connections from the first three 
cervical and the hypoglossal nerves (text-fig. 31 D). 


* P. Z. 8. 1921, p. 64S, text-fig. 58. 


t im,» p. 649, toxt-ils. 64. 



OF THB WOMBAT, KPA1<A, ANO PHAX^NOBBS. 


B6S 


PretrachMl MuaoUa : — In all the animals described in this 
paper the sterno-hyoid mtiscles could easily be separated from the 
subjacent sterno-thyroids. The sterno-hyoids are fused in 
Phaacdarctoa and have no connection to the hyoid bone, so they 


Text-figure 31. 



The iiiMseter inuede in l*ha*colom^8 mitchelli {A,)» Paeudoehirus peregriaiua (B.), 
and Phalangar orianialia (C.); D; the ansa hypoglossi in Phalanger 
oriatUalia* 

C2 and 0 8: cervical nerves; A-U: ansa hypcglossi; P.G : parotid glands 
Xll : hypoglossal nerve. 

play no part in its movements. But in all other species they are 
sepatute and receive an insertion to the hyoid. The sterno- 
thyroids are essentially similar in all. 

Hyoglosam i-^Young ( 14 ) describes it as a transverse band, 
bridging over the genio*^glossi, and having no hyoid attachment 
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in PhdmcicMrcloa. I did not, however, observe this band at all. 
Macalister (6) regarded it as a piece of the mylo-hyloid. In 
PhoBOolomyB and the Phalangers it runs from the hyoid bone to 
the tongue. 

It is, therefore, evident that the Koala has many traces of 


Text-figure 32. 



Anatomy of the neck in Phaieolomy$ mitekelli. 

CL: clavicle; OL-M.M : cieido-mastoid ; C.L.T: cervical thymus; DigM : 
digastric ; E.J.V : external jugular vein ; L.C.C. A : left common carotid 
artery; M-H.M: iiiylo-fayoid ; H.Bf : masseter; 0-H.M : omo«hyoid; 
P.F.y ; posterior facial vein; S-H.M : stenio-byoid ; S-M.G: submax illary 
gland; S*M.M : sterno-mastoid ; T.M : trapexius; XII; hypoglossal 
nerve. 

primitive lamination in its platysma, mylo-hyoid, sterno-hyoid, 
and hyoglossus muscles, ^nd in these conditions it differs 
entirely from Phaseolomyg and the Phalangers. 

Sterno-mcbstoidj GUido-mmtoid^ Chido^occipitai (text-fig. 32, S-M. 
M, Cl-M, 01-0): — All are present in the Phalangers, but the 


OF TfiB WOMBAT^ KOXhki AKO FHALAKOBItS. 867 

last ia absent in PhaseolardOB and Phmcohmif$. The insertion of 
stemO’mastoid and cleido- mastoid is into the occipital crest. 

Gmio-hyoid : — In my specimen of Phaacolaretos it runs from the 
symphysis of the mandible to the hyoid bone and thyroid carti- 
lage, so it is in reality a genio-hyo-thyroid. This arrangement 


Text-figure 33. 



Anatomy of tho neclc in Pkalan^er orientals (adult). 

CL-0 : cloido^occipital ; Pect.Mig : peotoralis m^jor; T.G : thyroid gland. Other 
letters as in last In a mammary foetus the cervical thymus concealed 

the lower part of the nock. Note the vertical anterior jugular veins and the 
horizontal vena tmnaverga. 

differs from Young’s account ( 14 ). As no other thyit)-hyoid 
muscles are present, they are prolitbly replaced by a part of the 
genio-byoid. 

The genio-hyoids and stylo-hyoids are the only muscles 
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Attached to the hyoid bone in my specimen of Fhascolarotas^ for 
the pharyngeal constrictors have no hyoid origin. 

Secdeni : — In all forms the scalenus anticus is absent, as the 
scalene group is behind the brachial plexus. The scalenus medius 
and posticus are present. 

Spleniuai — In Phmcolarctos it is divisible into two parts 
(capitis and colli), but it is a single sheet in Phcbscdomya and the 
Phalangers. 

Prevertehral Muscles : — Young (14) described these muscles 
in Phascclarctos^ and pointed out that they are more or less 


Text-figure 34. 



Anatomy ot the neck in Pseudochirus peregrinus. 


Letters as in text-fig. 82 . 

inseparable. The rectus capitis anticus major is the largest ; it 
runs from the bodies of the first three dorsal vertebras and all 
cervical tiansverse proces.ses to the basi-occiput. Rectus capitis 
anticus minor cannot he isolated. Longus colli consists of fibres 
running between the l)odies and transverse processes of the fli*st 
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three dorsal and cervical vertebrsB. In Phaaedomyn I observed 
similar fusion of these muscles. A single thick muscular sheet 
extends from the third dorsal vertebra to the basi-occiput 
(text-fig. 35), A small bundle of fibres becomes detached, and 
3 *uns to the front of the third cervical vertebm when it fuses with 
the bundle from the opposite muscle. The main mass, in my 
opinion, represents rectus capitis anticus major. The mesial pait 
represents longus colli, and the rectus capitis anticus minor is 
absent. In Phalanger there is more separation between the longus 
colli and rectus capitis anticus major, and there is no rectus 
capitis anticus minor. But in Paeu^chirm there is considerable 


Text-figure 36. 



L.C. 

Prevoi't«*braI muscles in Pha$colomys miie7ieth\ 
betters in text. 

fusion. It appears, therefore, that the conditions in Phalanges* 
do not adhere so much to the primitive condition as do those in 
PhaacolarctoSf Plmacolmnya^ and Paatulochirua, 

Muaclea of the Badc^ Thorax^ mid Abdomen^ 

Trapezius : — In all forms the oririn extends from the occiput 
to the seventh dorsal spine, although Young (14) gave the eightli 
spine as well in Phaacolardoe, The clavicular insertion varies, 
however, In Phaaoolarctoa and Paeudoehirfta most of the fibres go 
to the clavicle, but some cross it and run to the olaviculai* deltoid, 
Peoc. Zool. Soo.— 1922, No. LIX. 59 
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In Phmeohmya^ on the other hand, most of the fibres cross the 
clavicle and fuse with the clavicular deltoid ; and some fuse with 
the cleido-mastoid. In Phalanger the conditionsare intermediate. 
The scapular insertion is, however, similar in all. And in no case 
is there a tendinous intersection where the fibres cross the 
clavicle. The fusion of the trapezius and clavicular deltoid is a 
persistence of the primitive lamination, and is best marked in 
PkaacoloniyB, 

RhomhMeusi — In all forms it is an indivisible sheet whose 
origin extends from the occiput anteriorly to the thoracic region 
posteriorly, and it thickens from before backwards. It reaches 
the fifth dorsal spine in Phascolomys^ but stops at the third 
in Ph(MCola/rct 08 ^ Phalanger^ and Pseudochirus, As the rhom- 
boideus shows no division in any of these animals they all exhibit 
a persistence of the primitive condition of the muscle. 

LcUissimus Bor^i : — This muscle arises from a variable number 
of posterior thoracic spines and the lumbar fascia, but there are 
neither iliac nor scapular origins. Costal slips may exist. The 
following origins were present in my specimens : — 

Phmcolarctoa : spines 4-10 ; no costal origin. 

Phalanger : spines 4-12 ; slip from last rib. 

Paeudochirus : spines 4-12 ; no costal origin. 

Phaacolomya : spines 5-15 ; slips from lower six ribs. 

The insertion of the latissimus is very similar in all, and it is 
intimately connected to the teres major and dorso-epitrochlenris. 

Levator Anguli Scapttioe : — Young (14) states that it arises from 
the front of the lateral mass of the atlas along with the first slip 
of the serratus magnus in Phaacolarctoa ; but he does not mention 
whether it is fused with the omo-atlantic. It is inserted into 
the scapular spine. In Phaacolomya I observed it arising in 
company with the omo-atlantic from the caudal border of the 
lateral mass (text-fig. 36 A). And it is closely connected to the 
upper part of the serratus magnus. It is attached to the root of 
the spine of the scapula. In Phalanger (text-fig. 37) it arises in 
common with the omo-atlantic, but is separate from the serratus 
magnus. It is inserted into the dorsal surface of the scapula in 
the anterior part of the supraspinous fossa. In Paeudochirua, on 
the other hand, it is insepaiuble from thesen atus magnus, and its 
insertion never reaches the spine of the scapula. It is, thei efore, 
evident that Phaacolomya and Phaacolarctoa differ from the 
Phalangers in the insertion of the levator scapulas. So the 
conditions of the levator scapulae and senatus magnus are degi*ees 
of persistence of primitive lamination. 

Omo-oitlantic (text-figs. 36 dp 37): — In Phaacolomya and Phaaco- 
larcloa it runs, widening as it goes, from the lateral mass of the 
atlas to the outer part of the spine of the scapula. And the 
lateral fibres cover the dorsal part of the shoulder joint. In 
Phalanger and Paevdochirua it divides into two parts— a broad 
meetal and a narrow lateral sUiH-~and these are attached to the 
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outer half of the ecapular spine^ Ounningham (8) describee it as 
two muscles fixed to the whole lepgth of the scapular spine 
in Guaem. The eonditions in the PhalangeiB cannot be due to 
their leading an active arboreal life, as other active animals 
have a single muscle. They are probably remnants of primitive 
laminations. 

Text-figure 36. 



Scapular muaclea in Phaseohmys mitehBtli* 

I-S : infra-spinaina ; L. A.S : levator anguli scapulae ; I 1 .H.T : long head of triceps ; 

0-A: omo-atlautic; S.M ; serratns magims ; B-S: supra-spinatus. 

Serratm ifagntu (text-figs. 36-38) s— In the Marsupialia there 
is a more or less intimate connection between the levator scapulse 
and the serratus magnus, thus showing that these muscles are 
part of the same sheet. And the origin of the semtus extends 
nom the anterior cervical to the posterior thoracic region. In 
PheJamger the oiigin extends from the second cerviwl vertebra 
to the seventh rib. The cervical slips are all distinct. In 
PtmMimt there are eight thoracic slips. The cervical slips are 

59 * 
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also coarser than the thoracic ones, but they are closer together. 
In Phaaeolaretas Young (14) described six cervical and nine 
thoracic slips, and I observed the same. But Maoalister (5) 
recorded seven costed slips. As regards PhmcolomySy Macalister 
pointed out that the cervical and thoracic parts are separate, and 
he described them in detail. 


Text'figure 37. 



Scapular muscles in Fhalanffer orientals. 
T.Ma : teres major. Other letters as in toxt*iig. 36 . 


Intercostal Muscles : — The number of sets of intercostals varies, 
as the result of variations in the number of ribs, but the 
characters of the muscles are essentially similar in all : — 

Phasoclwrctos : ten pairs of intei’Spaces. 

Phaseolomys : fourteen pairs of interspaces. 
Phalangeridis : twelve pairs of interspaces. 



<>F WOilBiT^ KOAiAf im TUAtkmWBB, ^7^ 

Mu$de8 of the Ventral Abdominal Wall : — In the Phalangers at 
my disposal the muscles of the ventral abdominal wall were all 
firmly united together and the linea alba was very obvious. The 
rectus abdominis had eight intellections, and the first one was 
so wide that there is apparently a rectus abdominis and rectus 
thoracis. This condition was also present in Young’s specimen of 
FhaecolarotoB (14). In Phaecolarcios end Phalanger the pyrami- 
dalis conceals the rectus, and gets one insertion into the sternum 


Text-figure 38. 



Scapular muscles in Ph<x8Col<ircios ciner^us. 
Letters as in text-%. 86. 


and last costal cartilage, but it is not so extensive in Phasooloniys, 
These animals are, however, essentially similar as regards all the 
muscles of the ventral abdominal wall. 

Dorsal Abdominal Mnseles : — ^The quadratus lumborum is well 
developed in Phmcolomys and the Phalangers, In Phascolaroios 
it is more primitive, for it is practically absent, or, as Young (14) 
suggests, it may be replaced by intertransverse muscles connecting 
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tbe lumbar vertebrae. The j^oas parvus exceeds the magnus irt 
all formS) but the disproportion is not so great, and the parvus is 
more tendinous in Pha^cohmya, Macalister (18) describes it as a 
weak muscle in the latter. It is inserted into the pubis behind 
the corresponding marsupial bone in all forms. 

Mu8oh$ of th8 Anterior Eactremity. 

The Dorso^epitrocMearis arises from the posterior border of the 
latissimus dorsi and its tendon in Phalanger and PaeuAochirus, 
and it remains muscular to its insertion into the tip and inner 
border of the olecranon. In Phaacolarctoa it is thin, and a 
considerable part is fascial. In Phmcolomya it arises chiefly from 
the tendon of the latissimus, and it is firmly bound down by deep 
fascia. When the fore-limb is abducted the muscle becomes tight 
soonest in the latter. And the distant extremity is more 
evidently continuous with the anconeus intern us in PhcLacolarcloa, 

Pectoral Muaclea : — Cunningham (2) analysed the pectoral mass, 
and described a pectoralis major composed of superficial and deep 
parts, a pectoralis minor, and a pectoralis quartus. In my 
specimens the conditions present differed in some respects from 
those described by Young, Cunningham, Macalister, and others. 

Pectoralia Major : — In Phaacolomya Macalister (18) showed that 
the superficial part has clavicular, sternal, and costal origins. In 
my specimen (text-fig. 39 A) it arises from the mid-sternal line 
and fascia over the abdominal muscles in the infra-sternal fossa ; 
there is no clavicular nor costal origin. It is inserted into the 
pectoral crest of the humerus and fuses extensively with the 
clavicular deltoid. The deep pai^t arises from the manubrium 
sterni, crosses the pectoralis minor and quartus, and is inserted 
by a narrow tendon into the outer tuberosity and upper part of 
the pectoral crest. It is separated from the first part. In 
Phalanger the superficial part does not arise from the entire 
length of the sternum, but in other respects it resembles the 
superficial part in Phaacolomya. The deep part has a more 
extensive origin from the body of the sternum. In Paeudochirtia 
the conditions are similar to those in Phalanger^ but it is difficult 
to distinguish the superficial part from the clavicular deltoid in the 
fused muscular mass. In Phaacolarctoa the superficial part has an 
origin from the inner third of the clavicle, so the clavicular deltoid 
does not reach the sterno-clavicular joint as it does in Phaacolomya. 
I have already described and figured muscles resembling those in 
the latter in Mandrillua leucophceua. 

Pectoralia Mmor: — In Phaacolomya it arises from the posterior 
three-fourths of the sternum, and it is inserted into the great 
tuberosity, coraco-humeral ligament, and coracoid process. It 
remains separate from the quartus, but their insertions are 
contiguous. In Paeudochirm the minor and quartus are in 
contact throughout the greater part of their course. But in 
Phalanger and Phaacolarctoa they are s^arate. 

Snhdcmua ; — The insertion varies. In Phala^iger it is attached 





Clavicular muscles in Tkaseolompt miteMH (A.), Phaseolareto$ ^inereus (B.), and 
ThaUtngtr orientaiii (C.)« 

CIM: cleido-mastoid; D.P|.1>2t deltoid; H.H : head of humerus; P.M : 
pectoralis mtgor ; 8-M : stemo-mastoid ; 8.1).F : slip of deltoid to foreaim : 
T.R: trapeaius. 


PhasookvretoB it mm to the outer sixth of the davicle. The 
attachment is more extensive in Fhamlmyi^ for it is fixed to the 
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outer sixth of the clavicle, the upper border of the acrotpion, aud 
the spine of the scapula. I believe the extent of this muscle is 
partly due to varying degrees of functional activity. 

Deltoid (text- fig, 39 A~0) : — In Phascolomya the origin forms a 
continuous line along the whole length of the clavicle, the 
acromion and lateral third of the spine of the scapula. The 
clavicular fibres receive the trapezius, and the acromial fibres and 
trapezius form a powerful cepbalo-humeralis. The clavicular 
deltoid also fuses with the superficial part of the pectoralis major, 
and the two are inserted into the pectoral crest. From the 
scapular fibres a long, narrow, strap -like band runs to the deep 
fascia oyer the radial border and dorsum of the forearm and 
carpus. In Phmoolarcioe the muscle is also entire, the clavicular 
origin is not so extensive, and the narrow band given oflf fuses 
with the supinator longus. In Phalanger and Pseudochirua the 
clavicular origin is not as extensive as in Phaacolomya, the 
clavicular and acromial parts are separate, and no slip is given oft* 
to the forearm. 

Scapular Muadaa (text-figs. 36-38) : — I agree with Macalister 
(18) that the supraspinatus is larger than the infraspinatus in 
Phaacolomya and the Phalangers, but I observed the reverse in 
Phaacolarctoa. X'^oung (14) states that the infraspinatus is slightly 
larger than the supiaspinatus. The subscapularis and teres major 
are essentially similar in all, and there is a certain amount of 
fusion between the latter and the latissimus dorsi and dorso 
epitrochlearis. The teres minor is fascial in Phaacolomya^ thin 
and with a tendinous attachment to the scapula in Phaacolarctoa^ 
and thin and muscular in Phalanger and Paeudochirua, Even 
when it is muscular there is a considerable degree of fusion with 
the infi-aspinatus. Meckel (6) states that the absence of a teres 
minor as a distinct muscle appears to be general amongst 
marsupials. 

The characters of the Coraco-hrachiaUa in many forms, including 
the animals described in this paper, have already been recorded, 
and Cunningham (2) has collected the observations. My own 
observations do not diflfer from his. 

Bicepa : — The two heads of origin are in contact, but not fused, 
in Paewdoch%r%ha^ and the two bellies (gleno-ulnar and coraco- 
radial) are fused from the middle of the arm onwards. In the 
distal portion of the arm the two parts separate again and run to 
the mdial tuberosity and coronoid. In Phalanger the tendons of 
origin are fused to form a ten<linous sheet. The muscle bellies 
remain fused to the distal part of the arm where the stout radial 
and slender ulnar components are given oft*. In Phaacolomya and 
Phaacolarctoa the origins are conjoined, but the bellies sepamte 
sooner from one another in the latter. 

Brachialia Anticua: — In all forms it arises on the outer 
surface of the shaft of the humerus, and winds round it to be 
inserted into the ulna with, or deep to, the gleno-ulnar component 
of the biceps. In Phaacolarctoa it is fused with the biceps, but 
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it 18 separate from it in Pha$colomyB and the Phalangers. 
Macalister (18) showed fcbat the conditions in PhaacolomyB are 
similar to those in many Polyprotodonts and Diprotodonts. 

Trioepa (text- figs. 36-38) ; — In Phaatolomya I observed the long 
head arising from the lateral two-thirds of the axillary border of 
the scapula, and the humei*al heads are indistinguishably fused. 
Macalister ( 8 ) stated that the long head arises from more than a 
third of the bone. In Phaacolarctoa the long head arises from a 
third of the axillary border of the scapula, and it passes to the 
distal third of the arm before it unites witii the fused humeral 
heads. In Phalanger and Paevdodiirua the long head also arises 
from a third of the axillary border, but it unites high up with the 
humeral heads. 

Anconei : — The anconeus interniis, according to Cunningham (2), 
is generally present in the Marsupialia. In Phaacohniya^ 
Phalanger^ an<i Paeudockirus it is a marked parallel-sided band 
running from the internal condyle to the olecranon, and the 
nln.ar nerve passes under cover of it. In Phaacolarctoa it appears 
to be more continuous with the doi'so-epitrochlearis. In Phaaco- 
larctoa and Phaacolomya it is not connected to a fibrous band 
which gives origin to the flexor carpi ulnaris I'he anconeus 
extern us is present in all forms, but it is least in Phaacolornya^ in 
which it has no connection with the triceps. 

Pronator Radii Terea : — Cunningham (2) pointed out that this 
muscle has no coronoid head in the Marsupialia. The insertions 
vary. In my specimens the conditions are as follows : — 

Phaacolarctoa : to middle two-fourtlis of the nidial shaft. 

Phalanfjer : to distal two-thirds of the ludial shaft. 

Pseudochirm : to distal two-thirds of the radial shaft. 

Phaacolomya : to distal half of the radial shaft. 

Rlexor Carpi Radialia: — This muscle is well developed. It 
exhibits a variable amount of fusion with the other members of 
the superficial fiexor group, but the fusion is least in Phaacolarctoa, 
It is inserted into the base of the second metacarpal in Phaaco- 
lornya, Phalanger^ and Pamdochirua^ but it runs to the third 
metacarpal in Phaacolarctoa. 

Palmaria Longua is present in all. In PhaacoUnnya Macalister 
(18) described a true palmaris longus and a palmaris accessorius, 
both arising from the internal condyle. In my specimen the 
accessorius does not anse from the condyle, but it is implanted 
into the side of the tendon of palmaris longus in the distal third 
of the forearm ; and it has a very slender tendon which runs to 
the palmar pad. In Phaacolarctoa ^ Phala^iger^ and Paavdochirm 
there is no trace of the accessorius. 

jtUxor Carpi Ubiaria: — In all the animals described in the 
present pajwr the insertion is into the pisiform bone. But 
Macalister (18) described it as being attach^ to the fifth meta- 
carpal in Phaaeolomya. Young (14) describes it as giving ofiT 
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prolongations to the fifth metacarpal and the unciform in JPhasco- 
larctos. 

FUxor SuhUmiB Digiiorum : — Tliis muscle is frequently strongly 
connected to the flexor profundus, and it is sometimes called the 
flexor perforatus because the profundus tendons pierce its tendons, 
which are very slender. The sublimis and profundus tendons 
separate out from the strong flexor mass in the distal part of the 
forearm. 

PrmuUor Quadratm: — The extent of the interosseous space 
occupied by the pronator quadrates varies considerably. In 
Fhascolomys 1 observed it extending over the distal half of the 
sp^o, but Macalister says it is weak and only occupies the distal 
third. In PJimcolarcioa it occupies the lower fifth, but the extent 
is even less in Phalanger and Pseudochirtis* Cunningham (2), 
however, described it as covering one third of the bones in Cuscus 
(Phalangista maoulata). 

Supinator Longus : — My observations on Phascolarctos difler in 
some respects from those of Macalister (6) and Young (14). It 
consists of two parts. The proximal division arises from the 
shaft of the humerus from close to the neck downwards, and it is 
thin and almost aponeurotic. The distal pait, which is more 
muscular, arises from the lateral supracondylar ridge and by 
fibres which fuse with the extensors of the wrist. The two parts 
unite into a strong tendon which, passing under the abductor 
pollicis major, is inserted into the scapho-lunar bone. Young 
points out that it is both a radial flexor and supinator. It receives 
a slip from the deltoid. In Phalanger it is also large, but not 
divided into two parts. It springs from the proximal two-thirds 
of the lateral supracondylar ridge. No slip runs into it from the 
deltoid. These conditions are also present in Pseudochirvs, The 
conditions in Phaacolomys are, however, very different. It is 
thin and aponeurotic in parts, and it receives a strong band from 
the deltoid. 

Supinator Brevis ; — The extent of the radius embraced by this 
muscle varies. In Phalanger it covers less than the upper fifth, 
in Phascolarctos it covers the upper fifth, and in Phaacolomys it 
envelops the upper two-thirds. 

Eooiensores Carpi Radiales : — The existing records show that 
there is considei'able variation in these muscles in the Marsupialia. 
In Phascolomys there is a single muscle arising from the external 
condyle and lateral ridge of the humerus and running to be 
inserted into the second and third metacarpal bones. But it is 
evident that the long and short extensors are combined in the 
single muscle. In Phascolarctos both long and short extensors are 
present and are inserted into the radial borders of the second and 
third metacai’pals respectively. In Phalanger both muscles are 
present, but the brevior is a large and powerful muscle with 
three heads of origin as described by Cunningham (2). 

Extennor Commuma Digitoru/mi — In all forms it arises from 
the external condyle. In most Marsupialia it sends four tendons 
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to tbe four inner digits* But, as Young (14) mentions, and I 
observed myself, tendons go to each of the five digits in Phcuco^ 
laretoB. 

Extensor Semndua Digitorum : — This muscle, which corresponds 
to the extensor minimi digiti of human anatomy, has been fully 
described in many Marsupialia by Cunningham (2), Young (14), 
and Macalister (5 k 18)* In Phmcolarctoa it is in reality double* 
One muscle runs to the third digit as an extensor medius, and 
the other is inserted into the fourth and fifth digits* In Phaeeo- 
lomya and the Phalangers only the latter part is present. 

Extensor Carpi Ulnarisi — In Phascol^iys it arises from the 
external condyle of the humerus and upper part of the shaft of 
the ulna, and is inserted into the mesial border of the shaft of the 
fifth metacarpal bone. In Phascolarctos the ulnar origin head is 
similar to the al)ove. But in Pkalanger there is no ulnar head. 

When a superficial view of the extensor muscles is taken in all 
the animals described in this paper, it is seen that intermuscular 
septa are well marked in Phascolarctos. In Phascolomys and the 
Phalangers tbei*e is more fusion of the bellies of the muscles. 

Extensor Oasis Metamrpi PoUids: — This muscle, as has already 
been pointed out by several authors, includes the extensor primi 
internodii pollicis. In Phascolomys^ according to Macalister (18), 
it Alices from the dorsum of the shaft of the ulna and the inter- 
osseous membrane, crosses the extensor carpi radialis tendon, and 
is inserted into the trapezium and thumb metacarpal. In Phases-^ 
larctos I observed it arising from the dorsum of the proximal 
third of the part of the ulna bordering the interosseous space, 
from the membmne, and from the greater part of the dorsum of 
the radius from the orbicular ligament distally. In Phalanger 
and Pseudochirus it also arises from both bones and tlie intei** 
osseous membrane, but the ulnar origin is lower and more 
extensive than in Phascolarctos^ and the muscle belly gives off two 
tendons which wind over the extensor carpi radialis and supinator 
longus tendons. 

Extensor Secundi Internodii Pollicis: — There is no trace of this 
muscle in Phascolarctos, and in this respect I agree with Young 
(14) and dififer from Macalister (5), who stated that it is arranged 
as usual. In Phascolomys it runs from the lower third of the 
ulna to the last phalanx of the pollex. The tendon gave a short 
slip to the fascia over the metacarpo-phaiangeal joint of the index. 
In Phalanger it also gives slips to the index and pollex, and 
Cunningham (2) describes two separate muscles in Phalangista 
maculata. It is therefore evident that the only extensor of the 
pollex in Phasoclarctos is the additional tendon of the extensor 
communis digitorum ; and in no other Marsupial is this arrange* 
ment present* 

Intrinsic Mustdes of the Manus: — The observations of 
Cunningham (2), Macalister (8, 18), Huge and Young (14, 15) 
have given us a very complete account of the anatomy of these 
muscles. Young, in particular, has shown how they have become 
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modified in accordance with habits. He has also shown that the 
Koala is very difierent from the others, his conclusions being as 
follows : — ‘‘ The digits form two groups, of which one, including 
the thumb and index finger, is opposable to the other, this latter 
comprising the three remaining digits. The index digit, in point 
of fact, constitutes a second thumb ; and, in comformity with its 
unusual freedom of action, its special muscles are well developed. 
Moreover, as the result of the arrangement of the digits into two 
groups, the middle line of the hand no longer passes through the 
third digit, but along the foxvi'th. The muscles of the hand are 
correspondingly modified, and hence, so far as regards their 
insertions, the arrangement is very difierent to what is ordinarily 
found.” 

Mmclea of the Posterim' Extremities. 

Gluteus Maximus : — In P/iascolarctos it has no origin from the 
iliac crest, but springs from the sacral and caudal vertebne. The 
coarse fibres sweep over the great trochanter, thereby producing 
a rounded prominence, and are inserted into a considerable length 
of the femoral shaft. The fibres are continuous postero-mesially 
with the lateralis caudce. In Phascolomys a broad, long agitator 
caudsB shuts off* the gluteus maximus from the sacral and caudal 
vertebral spines, and a strong intermuscular septum, which gives 
origin to some of the fibres of both muscles, intervenes between 
them. The gluteus maximus also arises, as in all Marsupialia 
except the Koala, from the iliac crests posteriorly, and from the 
lumbar fascia. The whole muscle appears fiattened, and it is 
inserted into the back part of the great trochanter. Cunningham 
(2) describes how the gluteus maximus is divided into three parts 
in Phalangista maculata^ but there is no obvious separation into 
distinct parts in my specimen of Phalanger orientcdis. There it 
is a long fan-shaped sheet composed of gluteus maximus, tensor 
fascisB femoris, and agitator cauda*. It extends from the lumbar 
fascia anteriorly backw’ards along the iliac crest and spines of the 
sacral and antei’ior four caudal vertebra?. The part of the sheet 
representing the agitator cauda) has much coarser fibres than the 
other parts. The insertion of the sheet does not differ in any 
essential point from that in Phalangista nmculata, already 
described by Cunningham. In Pseudochirm the conditions 
resemble those in Phalanger j but the fibres of the agitator caudte 
are not so coarse, or so separate from the other parts of the 
muscle. 

Ghitem Medina In all forms it is large, and frequently 
exceeds the maximus in size. In Phaacolarctoa it arises from the 
iliac crest, the gluteal surface of the ilium, and the sacral spines. 
It is inserted into the great trochanter. The fibres are in parts 
fused with the subjacent gluteus minimus, but there is no 
lamination as described by Young (14). In Phaacolomya it is 
difficult to separate the medius and mimimus. In Phalanger and 
Paeudoehirua the medius and minimus are separate. The Gluteus 
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Minimus does not differ in any essential in the animals described 
in this paper except for the degree of adhesion to the medius. 
The Gluteus Quartus is present in all. 

Pyriformis : —In all forms this is a strong triangular muscle 
arising from the side of the sacrum and running to the summit 
of the gi’eat trochanter of the femur. The Obturator Extemus is 
likewise similar in all, and is large. 

Obturator Interims x — This muscle is absent in Pbascolornys, but 
present in all other forms. The Gemelli are present in all. They 
are both enormous in Phxdanger^ of moderate size in Phascolarctos^ 
and the inferior one is large in Phascolomys. 

The Quadratus Femoris is absent in Pkascolomys, In Phasco^ 
larctos it arises entirely from the great sciatic ligament. In 
Phalanger it arises from the tuber ischii. The insertion is into 
the posterior Wder of the great trochanter. 

Sartorius : — In the Marsupialia this muscle acts as an extensor, 
and an interval, filled with fascia, is present between its upper 
part and the quadriceps. It arises in all from the anterior 
superior iliac spine ; and it is inserted into the inner side of the 
qiiadriceps tendon (Phascolarctos)^ or the inner aspect of the patella 
and IvTiee-jrnnt (Phalanger^ PsmidocMrus^ Phascoloniys), 

Qaadnreps Extensor : — The rectus femoris has only the straight 
head in Phasrolomt/s, but both heads are present in Phascolur^os^ 
PsendochintSy and Ph(d anger. In the other elements these 
animals are all essentially similar, and the vastus externus 
coinponent is large. The tendon is inserted in all into the tibia. 
It contains a cartilaginous patella in PhascolomySy Phalanger y and 
Pseurlochirusy but norm in Pkascolarctos, Waterhouse (17) stated 
that Phasroloinys also has no patella, and used this character 
among others to show that thev are related. As many observers 
have recorded the presence of the patella in the Wombat, it is 
evident that this is not a character linking it to the Koala, as 
Waterhouse believed. 

Gracilis : — Wlien the skin is removed it is seen that the muscles 
on the mesial aspect of the thigh are concealed by the gracilis to 
a va^riable extent. It arises from the symphysis pubis and a 
variable extent of the descending ramus, and from the mesial 
extremity of the marsupial hone. It is inserted into the 
proximal half of the mesial border of the shaft of the tibia. In 
PhaseolomySy Phalangery and Psmtdochirus it goes to the proximal 
half of the tibio, but in Pfiascolarctos it only runs to the proximal 
third. 

Biceps Cruris ; —In Pkascolarctos the biceps and semimem- 
branosus have a strong, common tendon of origin from the ischial 
tuberosity and caudal vertebr®. The biceps is thin and triangular, 
and inserted into the fascia over the proximal two-thirds of the 
fibula. No femoral component enters into the biceps. Young 
(14) points out that the nature and extent of the insertion are 
associated with the semi-flexed attitude of the limb. In Phalanger 
the muscle arises from the ischial tuberosity, along with semi- 
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membranostis, and from the caudal vertebree, the two parts being 
separate. No femoral head is present. The ischial part expands 
and becomes fan-shaped ; it is inserted into the fascia over the 
fibula in the proximal two-thirds of the leg. The caudal port is 
at first superficial to the ischial part, but winds round it and 
divides into two portions. One of these fuses with the ischial 
part. The other fuses with semitendinosus, and then is inserted 
into the middle of the subcutaneous mesial surface of the tibia. 
The conditions present differ in several respects from Cunningham's 
account of the muscle in Phalangista mcmilata. In Paeudodiirug 
the conditions are essentially similar to those in Phalanger. In 
Phasoolomys it arises entirely from the ischial tuberosity along 
with semimembranosus, and it is inserted into the fascia over the 
proximal third of the fibula, and into the bone itself, but it is not 
divisible into two parts as in the Phalangerida). No femoral 
head is present. Its insertion is less than in Pkascolarctos and 
the PhalangeridtB. 

No bicipiti accessorius is present in any of these animals. 

Semimembranosus (text-fig. 40) : — In all forms it is muscular 
from origin to insertion, and there is a variable amount of union 
to the biceps ; and the course in all is from the tuber ischii to the 
mesial aspect of the leg. In Pkascolarctos it is inserted into the 
quadriceps tendon, internal tuberosity of the tibia, and the fascia 
of the leg ; and some of the fibres fuse with the triceps adductor 
femoris. In Phalanger the insertion is moved farther distally. 
It avoids the adductor and quadriceps, passes under the internal 
lateral ligament of the knee, and is attached to the anterior 
tuberosity of the tibia. And, as Cunningham (2) pointed out in 
Phalangista rncLculata, it must rotate the leg on the thigh and act 
as a powerful flexor. In Phascohmys it is inserted into th«. 
mesial aspect of the head of the tibia. 

Semitendinoms (text-fig. 40) : — In Phalanger it is inserted into 
a narrow strip of the middle of the ventral border of the shaft of 
the tibia. But Cunningham (2) described it as going to the 
mesial surface of the bone in Phalangista maculata. In Phasco- 
larctos it is inserted into the mesial aspect of the tibia at the level 
of the prominent tubercle on the anterior (ventral) border. In 
Phascolomys it runs to the mesial border of the tibia in its middle 
third. No tendinous inscription is present in any of these 
Marsupialia. The muscle fuses with the biceps in Phalanger and 
Phascolomys^ but is quite free in Pkascolarctos, But Macalister 
( 18 ) described it as free from other muscles in Phascolomys and 
Phalanger, 

Gastrocnemius : — In Phalanger, as in Phalangista maculata, the 
two parts from origin to insertion are quite separate. The inner 
head arises from the back of the internal condyle of the femur, 
and its tendon is inserted into the tuberosity of the os calcis. The 
outer head arises from the proximal sixth of the shaft of the 
fibula and from the intermuscular membrane between it and 
the peronei^ its tendon is inserted into the tuberosity of the 
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OS calois deep to that of the mesial part of the muscle. Only a 
thin membrane connects the two parts. In PhaaccilaretoB the two 
parts arise m in Phalanger ; at the junotioti of the proximal and 
middle thirds of the leg a strong, narrow aponeurosis, which 
ultimate!}’' forms the tendo Acliillis, begins to appear on the outer 
part of the muscle, and the inner part is attached to it. In 

Text-figure 40. 




Adductor and hamstring muscles of Fhascolarctos cinereus (above), and Fhalanger 
orientali* (below). 

A.M: adductors; B; biceps; G.S,N : great sciatic nerve ; internal lateral 

ligament of knee; Q.K : quadriceps extensor; S-M: 8emi.membi*an08us . 
S-T ; semi-tendinosus. 


Pseudoohirus the two parts unite, so it resembles that in Phaaco- 
larctoa rather than Phalanger, In Pkaacoloniya tlie inner haul 
arises from the back of the internal condyle, and from a small 
piece of the popliteal surface of the femur on both mesial and 
lateral aspects. The outer head arises from the sesamoid bone 
at the back of the external condyle. Both remain sepat^ate for a 
considerable distance, the mesial part overlapping the lateral one. 
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But they are inserted into a tendo Achillis. It is therefore 
evident that the degree of separation of the internus and externus 
differs in these Marsupialia. 

Soleus : — In Phascolarctoa and Phalanger there is no separate 
soleus, and the observations of Cunningham (2), Macalister ( 5 )^ 
and Young ( 14 ) have shown that it is really contained within the 
gastrocnemius externus, as the latter has a fibnlar origin. More- 
ovei*, the plantaris lies under cover of the inner part of 
gastrocnemius externus, and not under the part which corresponds 
to soleus. In P/iaacolomgs the soleus has a small fibular head, 
but no tibial origin. 

Plantaris: — In Phalanger tunA Phascolarctoa it is well developed, 
and it is inserted into the plantar fascia, but Young ( 14 ) observed 
it inserting into the tendo Achillis in one Koala. In Phmcolomys 
it is absent. 

Tibialis Anticm : — In all forms it arises from the outer surface 
of the shaft of the tibia, and the interosseous membrane ; but its 
insertion yaries. In Phascolomysy according to Macalister ( 18 ), it 
is inserted into the entocuneiform. In my specimen two tendons 
are given off. One goes to the entocuneiform, and the other to 
the hallux. The latter takes the place of the extensor longus 
hallucis, which is absent iis a sepjirate muscle in my specimen. In 
Phalanger Siudi Phascolarctos the insertion is into the entocuneiform 
alone. And in these genera a separate extensor hallucis arises 
from the fibula. 

Extensor Digiiorwm Longus \ — Macalister ( 18 ) describes it in 
Phascolomys as arising from the fibula and front of the tibia, and 
running to the four toes. In my specimen (text-fig. 41) it arises 
from the tibia, fibula, and interosseous membrane. It soon divides 
into slender inner and stout outer portions. The former giv‘?s 
three delicate tendons to the first, second, and third toes, but the 
three stout tendons of the lateral portion go to the innei’, dorsal, 
and lateral parts of the inner toe. In Phascolarctos (text-fig. 41) 
the muscle likewise consists of two parts, whereas Young ( 14 ) 
states that in being separable into two portions the Koala differs 
from such marsupials as have been examined. Three tendons 
emerge. The first is slender and divides into slips for index and 
medius. The second is of medium size and runs to annularis. 
The third is powerful and divides into tendons to annularis and 
minimus. In Phalanger three tendons are disposed as in 
Phascolarctos^ but the muscle itself is not divisible into two. 
There is, therefore, a greater resemblance between these arboreal 
forms than there is between Phascolarctos and Phascolomys, 

Peronei ; — The muscles composing the groups differ considerably. 
In Phascolarctos^ as pointed out by Young ( 14 ), there are four 
components — longus, brevis, quarti metatarsi, and quinti meta- 
tarsi, — and all are fibular in origin. In Phalanger^ as in Phalan-^ 
gista mcusulata^ there are three components — longus, brevis, and 
some muscular slips representing portions of the extensor brevis 
dig^itorum. In Phascolomys Macalister ( 18 ) described long and 
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short peronei and an accessory qninti tendon detached from the 
last for the first phalanx of the outer toe« In my specimen this 
last slip is absent, but I believe it is represented by one of the 
slips of the extensor longus digitorum. 

Ruge pointed out that the ecsten^or hrevis digitorum was 
originally derived from the peroneal gi*oup of muscles. It is 
present in all Mat^supialia, but varies in the degree of development. 
In Phcdanger it runs to the four toes. In Phascolarctos it is 


Text-figure 41. 



Extensors of foot in Fhascolomj^s mitchelli (at>ove) and FhascoUtretot cinereus 

(below). 

K.L.D: extensor louiifus digitorum; E.L.P: extensor longus halluds; P; peronoi; 
T.A : tibialis anticus. 


inserted into the two inner toes. And in both forms it arises 
from the fibula. In Phaacolomys it arises fron the outer part of 
the tarsus, and is inserted into the inner pair of toes. 

Tildcdia Posticus: — This muscle has already been fully described 
by Cunningham (2), Young (14), and Macalister (6, 18). In 
Phascolomys it is a single muscle arising from the back of the tibia 
and running to the inner part of the scaphoid. In Phascolarctos^ 
Phalanger^ and Psetulochirus it is double. In the Koala two 
fibular slips run to the scaphoid and entocuneiform ; but in the 
Phalangers both tibial and fibular bellies run to the scaphoid. 
Pboc. Zooh» Soo. — 1922, No. LX. 60 
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The Jhxar longue digitorum includes flexor longue hallucis> azul 
arises from tibia and flbula« Superflcial and deep tendons are 
present, and the latter pierce the former, as in the inanus. 

The i^oplitem occupies practically the whole interosseous space. 

The intrinsic muscles of the pes have already been fully 
described (2), and the mid line in PhmcoUirctoa has been moved, 
as in the case of the inanus, with resulting modiflcations in 
structure. 

Summary of Myological Features, 

1, In all animals described' in this paper there are traces of 
adherence to the primitive laiiiinatioii which characterises the 
development of mammalian muscles in general. In Fhalanger^ 
Pseudochirus, and Phascoloinys we observe : — 1. Inseparability of 
the prevertebral muscles ; 2. Undivided state of the rhomboideus ; 
3. Fusion of the trapezius witli the pectoral fascia and clavicular 
deltoid ; 4. Biceps flexor cruris has only one head of origin ; 5. 
Separate character of the hamstrings ; 0. Degrees of separation 
of levator scapula and serratus magnus. In Phascolarctos the 
following additional ones are present: — 7. Platysma continuous 
with muscles of orbit, auricle, and mouth ; 8. Stern o-hyoid pro- 
longed to mandible ; 9. Styloid muscles a single sheet ; 10. 
Digastaric and mylo-hyoid fused; 11. Uyoglossus transverse and 
not attached to hyoid; 12. Omo- hyoid passes into tongue; 13. 
Internal oblique has tendinous intersections ; 14. Quadratus 
lumborurn absent ; 15. Supinator longus very long ; 10. Pronator 
quadratus small ; 17. (Joraco-braehialis double; 18. No extensor 
secundi internodii pollicis; 19. Origin of gluteus nnixiinus; 
20. No soleus; 21. Tibialus posticus double; 22. Characters of 
peronei ; 23. Intrinsic muscles of manus and pes. 

2. Many of the myological features are similnr in all these 
animals, in many other Marsupials, and in animals belongin^o 
the other Mammalian orders. 

3. Most of the chaiactera not included in the above groups are 
adaptations to suit modes of life. 

4, In the small group of characters — omo-trachelian and 
deltoid — not included in the three preceding groups, the Koala 
and Wombat difler from the Phalangers. 


Classification. 

All zoologists have separated Phascolomys from the Phalan- 
geridje, so the work of the systematist is limited to fixing the 
proper position for Pha^olarctos, To do so it is necessary to 
examine all characters, both external and internal. The large 
assemblage of data so obtained must then be reduced by excluding 
characters of little or no value for purposes of classification. In 
the first place, one must remove those which are varying degrees 
of persistence of primitive conditions which were once present in 
their cemiKion ancestor. Secondly, structures which are similhv ns 
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the restsJtt. of ccM^vorg^noe muit be axeluded^ as they are net 
evidence of Thirdly, thoee features which are common 

to all the animals under consideration, to many other Marsupials, 
and to other Mammals cannot be employed in making a classih.-* 
cation of the Wombat, Koala, and Phalangers. We are then left 
with a series of useful characters, and those which are sheltered 
deep down in the body should bo of value, for they are less liable 
to be influenced by climate and habits than are the more super- 
iicial characters. 

The anatomical character must be anunged in four groups : — 

A. 'rhose in which Phascolarctoa and Phcmolomya differ from 
the PhalangeridfiB. They support the systems of Weber (12) and 
Winge (13), and Webers family of PhascolnrctidsB is employed 
here for the Koala and Wombat. 

B. Those in which Phaacolarctoa and the Phalangeridse differ 
from PImacolom/ya. Special attention must also be paid to the 
comparison between Phascolarciva and Pseudockirua^ These 
support the systems of Thomas (11), Hensley (1), and Gregory (4). 

C. Characters in which Phnacolarctoa differs from Phaacoliyinya 
and the Phalangeridae. 

D. Characters differing in all forms. 

Groups C and D are evidence in favour of Pocook’s system. 

Ill estimating the value of the anatomical data one must always 
bear in mi ml the habits and the character of the diet of these 
animals. Phaacokirctoa and the Phalangeridflo are .arboreal 
animals, but lead different kinds of life. The latter are active, 
but the former is a clumsy, sluggish creature, clinging to branches 
by its moditied feet. PIioHColomys^ on the other hand, is an active 
animal. Its hind-limbs are fosi^oriaJ and its fore-limbs are for 
active progression, A study of the myology shows tlmt these 
modes of life lU’e accompanied by numerous differences in the 
muscles. As regards the diet, that of Phaacolarcioa and Phasco- 
lomya is bulky, wliertMis that of the Phalangei'idae is not ; and the 
Phascolavctida) have specialisations in the structure of their 
alimentary canal to meet the demands imposed by it. Finally, 
although the life habits differ, we find the arboreal sluggisli 
Koala and the active fossorial Wombat possess numerous 
chiu’acters of great importance in their skeletons and soft parts, in 
which they differ from the active arboreal Phalangeridse. We 
must always aim at discovering the part played by each structure 
in the animal economy before we can assess its true systematic 
value. Borne chfiracters ai’e well undemtood, but there are others 
of whose general adaptive purpose we are to^lly ignorant. 

A. Charcuotera in which the Phaacolarciidm differ from the 
Phalangeridm, 

ExUmal Charewtera : — Pocock (9) showed that the supratragus 
in the Phalangers and many other Mammals is a prominent ridge 
with a well-developed lobe ; but it is low,, inconspicuous, and 

60 * 
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devoid of lobate thickening in the Phaficolarctid». This, in my 
opinion, is a character of importance, for it does not appear to 
depend on modes of life. Pocock has also shown how the various 
genera can be separated by the auricular characters. As regards 
the mammse the Phascolarctidee have only two, but the Phalan- 
geridse have four. Pocock found two only in Trichoaurus. The 
tail is a well-developed organ in the Phalangeridae, and rudi- 
mentary but muscular in the Phascolarctidse ; probably the 
reduction is the result of life habits. The Koala clings only by 
its hands and feet to the biunches, so the tail would be useless ; 
and a tail would be in reality an impediment to the Wombat. 
The Phalangeridie have vibrissee on the wrist and hind foot, 
but no traces of these tactile hairs are present in the Phasco- 
larctidie. Moreover, the integuments of the hind feet differ. 
In the Phalangeridae the skin is striated over the well- 
marked pads, but it is granular on the reduced pads in the 
Phascolarctidse. 

Myology : — In the Phascolarctidm there is no cleido-occipital, 
the omo-trachelian is single, and the unbroken deltoid gives a slip 
to tile forearm. In the Phalangeridse, on the other hand, the 
cleido-occipital is present, the omo-trachelian is double, and the 
deltoid, vrhich is in two parts, does not give a slip to the forearm. 
Although these are prominent differences, they are of very minor 
importance in classification. 

Circulatory System: — In the Phascolarctidse the pericardium 
adheres to the diaphragm, the post-caval vein does not conceal the 
abdominal aorta, and anterior Jugular veins are absent. In the 
Phalangeridie the pericardium is connected to the diaphragm by 
two membranous sheets, and the post-caval vein conceals the 
posterior part of the abdominal aorta. I found anterior jugular 
veins in Triciwmrus and Phcdanger^ but not in Psemlochiras ; 
perhaps they exist in the latter, for my specimens had been 
preseiwed so long in spirit that the veins, if present, had shrunk 
to minute propoi-tions. 

Alimentary Canal : — Cheek-pouches are absent in the Phalan- 
geridae, but present in the Phaseolarctidae ; they are well-marked 
in PhascolarctoSy but rudimentary in Phascolomye, I believe, 
however, that these diverticula are, in reality, adaptive in function. 
The stomach is simple in both families, but possesses the so-called 
gastric gland in the Phascolarctidae. That structure has been 
regarded by many zoologists as of special value for showing the 
close relationship between Phascolarctos and Phascoloniys, Indeed, 
Forbes (3) regarded it as the main test. But Johnstone (10) 
showed that it is no special gland ; it is an evagination and folding 
of the mucous membrane plus an extension of the normal gastric 
glands. It is in reality a means of increasing the secreting area 
of the stomach to fulfil the demands imposed by a bulky diet. 
The Phalangers do not consume a bulky diet, so cheek-pouches 
are absent, and there is no trace of the gland patch. Unless 
there were other characters showing a close relationship between 
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Phaacolarctos and Phmcohmya the gland patch alone could not 
be employed as a test of affinity. 

The liver also possesses distinguishing charactei'S. In the 
Phalangeridie the caudate lobe is present, but the main lobes are 
not complicated by secondary sulci. In the Phascolarctidse, on 
tlie other hand, there is no caudate lobe, and many secondary 
sulci subdivide the main lobes. 

PhmcolmctoB predominates over PhoBcohmys in the size of 
the cheek-pouches, the complexity of the gland patch, the sub- 
division of the main hepatic lobes, and the length of the gall- 
bladder. 

As regards the dentition, Waterhouse (17) pointed out long ago 
Text-figure 42. 



The hanl palate in Fhaseol<my$ mitchelli,^ 

that the approximation to the Rodent-like dentition which is 
exhibited by the Wombat is perceptible in the Koala, in the 
smaller development of the posterior incisors and canines of 
the upper jaw, and the total absence of those premolars which, 
in the typical Phalangers, intervene between the canine and 
the fiv^e molars of the upper jaw, and the incisor and corre- 
sponding teeth in the lower jaw.” Bensley (1) has shown, 
however, that the dental characters which would point to a 
resemblance between Phascolaretos and Phasoalomys are probably 
due to convergent evolution, and Forbes (3) rightly consider^ 
that the dental characters in Phaaeolomys are adaptive in 

* Compare with Hate V ia my paper on the Koala (10). 
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cliaracteT. (18) showed that the dental enasnel In 

Phaacolomys possesses histological eharactet^s which separate it 
from most, if not all Marsnpialia, but he did not specifically 
mention Phmcolarctos. It appear, therefore, that in the dentition 
we have an assemblage of characters brought atx)ut by adaptation 
and convergence, so they cannot be used to show a close affinity 
between the Koala and Wombat. • 

<xmer<Uwe Oryam and Bevdopnwnt\ — In the l^ascolarctidse 
the vaginal culs-de-sac are separate, but they coalesce in seme of 
the Phalangeridse, at least in TrichoewruB (Forbes). As regards 
the footal membranes, Professor J. P. Hill informs me that they 
are fundamentally the same, but differing in details, in the Koala 
and Wombat. Moreover, the condifcicwis in the Phascolarctidfle 
differ entirely from those in the PhalangeridsB. 

Osteology : — I have compared the conditions in the material at 
my disposal with Owen’s account (B), and the essential points are 
shown in the subjoined table : — 


Pliascolarctidffl. 

1. Pterj^gold |)roc<“««Js larffo. 

2. Intermaxillary bonch increa*«ed trans- 

vorstdy. 

3. Palatal proee<<N of maxilla foniin a 

considemblo part of boiindwy of 
incisive foramina. 

4. Palatal foramina entirely on palate 

bones. 

6. Groove obsolete. 

6. Not ossified. 

7. Mid spongy bone simple *. 

8. Halves of mandible united. 

9. Seventh cervical vertebra perforated. 

10. Process beneath the sixth cervical 

process short. 

11. Anterior arch of the atlas jiartly 

cartilaginons. 


j Phalangeridje. 

' 1. Processes small. 

I 2. Bones not increased transvt'rsely. 

{ 

I S. Maxillae form a small part of 
I boundary. 

, 4. Palatal foramina (‘xtend into maxilbe. 

i 

I 6. Groove runs from foramen rotundum 
I to Gasserian fissure. 

! 6. Margin of tentorium ossified. 

I 7. Convolutions of mid spongy bone 
I numerous and delicate. 

8- Halves separate. 

9. Not perforated, 

10. Process greatly expanded. 

11 . Arch -entirely osseous. 


In many of tlie osteological characters not included in the 
above list there are differences in degree only in the Phalangors, 
Phascolarctos, and Phascolomys, Doiun has shown that the ear 
ossicles of Phascolardtos differ entirely from those in the Phalan- 
geridse, but they have some points in common w^ith tliose of 
Phaacolomys, 


B. Characters in which Phasedarctos and the Phahs^ridm 
differ from Fkasoolomys, 

External Characters In Phaacolomys flaps of skin from the 
lower lip protrude into the diastemata, but this is a new develop- 
ment, associated, as in many Rodentia, with the type of dentition. 
There is, however, no trace of these in the other animals. As 

* Owoa^iaecoaut is relied on here es the ekullv k lay poMessum tve not perfect m 
I'egards the turbinate bones. 
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regards the manus and pes, it is necessary to Odnsider hoih the 
e^iftemal appearances and the internal structure. 'Pocodk (%) and 
others have already described the external appearances, and the 
following conclusions can be diuwn from their accounts : — 

1 . The fore foot possesses no special modifications in ifHcAo- 
8uru8, 

2. The conditions in PhascohmyB^ which are adaipted for a 
fossorial and ambulant life, have some resemblance to those of 
Trichosurus, but differ in many ways from those in Phantc^larctoB 
and the Phalangeridse. Among these are the length df the 
digits, the shortness and bluntness of the claws ; and there is no 
division of the digits into two opposing groups. The pads are 
reduced, 

3. In Phascolarcioe and the Phalangeridse the pollex and index 
can be opposed to the long axis of the manus, and Young regarded 
these two digits as constituting one group, the remaining three 
digits forming a second. These conditions are slightest in 
Phcdangery intermediate in PamdochiruBf and most highly 
developed in Phascolarctos. The latter differs fi’Om all Phalangers, 
except TrichoanntSj in the appearance of the pads. In Phalanger 
and Psetidochirus the pads are striated, but they are granular in 
PJmBcolarcioa and Pliaacolomys, Moreover, myological literatnre 
shows that Phascolarctos is peculiar in many ways. I agree with 
Pocock^s sclieme, which sliows that the characters of the mantis in 
PhaBcolomyB difier from those in the other animals. And although 
the others iiave features in common, there aT*e sufficient characters 
to distinguish Phascolarctos from the Phalangerid®. 

Bensley (1) described and figured the pes of the Diprotodont^s 
and drew important conclusions as regai*ds the affinities of the 
animals. He [K)int 0 d out that the pes in Dromida is prototypal 
for the Phalangeri<lie, and those of Phalanger and Pseudochirns 
conform more or less closely to it. But the ootvditions in 
PhasoclarctoB show no close relation to those in Psmdobhirm. 
The general conformation of the digits is the same^ but the pads 
are all induced, the sole being covered with soft, gmnular skin as 
in Phascolomys, The hallux is much faither bock than in 
PseudocJdrus, so it is more perfectly oppcmhle. A slightly 
greater disjdaeement would put its axis in line with that of the 
fourth digit, which it opt>oses. The foot differs in Phasoolai^ctos 
and Phascolomys both in external appeawmee and internal 
structure. 

Although the pes of Phaacolarotos differs ritwn that in Pieudo- 
ohims the dental characters are similar, but reach a higher degree 
of development in the former. Bensley (1) showed that these 
genera have qnadrituberculate molars i^ith selenoid cusps. The 
upper teeth have reduced external styles, witli or without 
intermediate conules. In Phalanger and IHchotrnrus the quadri- 
tuberculate molars have bunoid ctisps, And the upper f^eth have 
neither external styles nor intermediate cusps. Moreover, as 
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shown on page 889, there are some resemblances between the teeth 
of Phascolarctos and PhoBcohmys which have resulted from 
convergence. These, however, must be excluded for purpose of 
classification. 

Osteology : — The contrast in the skeletal characters are tabulated 
as follows : — 

Phascolarctos and the PhalaiifteridsB. Phascolomgs, 

1. Zygoma extended vertically and has 1. Zygoma has a marked twist. 

no twist. 

2. Elements of occipital bone confluent. 2. Elements not all confluent in many 

skulls, hut not in all. 

3. Characters of supra-oocipital. 

4. Occipital processes arise from ex- 4. Processes from petro-mastoid. 

occipital. 

6. Bulla from alisphenoid. 5. Bulla from temporal bone. 

6. Petrous has a largo cerebellar pit. 6. Pit obsolete. 

7. Six pieces in sternum. 7. Four pieces in sternum. 

8. Characters of humerus. 

9. No third trochanter on femur. 9. Third trochanter present. 

Myology: — Phascolomys differs from the Phalangeridai and 
Phascolarctos in the absence of the quadratus femoris, obturator 
internusand popliteus, and in having only one head to the rectus 
femoris. 

Circulatory Hystmn:-— Phascolomys has no trace of a vena 
transversa*(text-fig. 32). 

It is necessary to remark on the comparison between Phasco- 
larctos and Pseudochirus^ because these have been placed clo.se 
together in systems of classification. In a detailed examination 
of their anatomy one finds they differ from other Phalangers and 
Phascolomys in the character of the teeth and straightening out 
of the inflected angles of the mandible. As regards the visceral 
anatomy and myology, there is no way in which they can be marked 
out from other forms. I can see no reason other than the 
condition of the teeth and mandible for separating Pseudochirus 
from the other Phalangers, but I consider these alone as sufficiently 
important to do so. 

When the characters mentioned in groups A and B are reduced 
by the elimination of the unimportant ones the following lists are 
obtained : — 

A. Characters separating the Fiiascolarctidae from the Phalan- 
geridee : — 

1. Supratragus, tarsal vibrissre, skin of pads and tail, 

2. Gastric gland patch and liver. 

3. Foetal membranes. 

4. Position of palatal foramina. 

6. Characters of symphysis menti. 

6. Characters of the mid-turbinal bone (Owen). 

7. Characters of the ear ossicles. 
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B. Characters separating Phomolomys from Phctsoolarctoa and 
the Phalangerid® : — 

1. Formation of the alisphenoid bulla, 

2. Site of occipital processes. 

3. Pieces in sternum. 

4. Third trochanter of femur. 

5. Dentition. 

6. Some of the characters of manus and pes. 


C. Characters in which Phascolarctos differs from the Phalangers 
and Phascolomys, 

External Characters: — Pocock ( 9 ) showed that there is a 
rhinarium in Phascolomys and the Phalangerid®, but no true 
rhinariurn is present in Phascolarctos ; and the nostrils of the 
latter are also peculiar. In the same paper he deals with the 
characters of the marsiipium, and points out that Phascolomys is 
intermediate between the Phalangerid® and Phascolarctos. More- 
over, the pouch of the latter is not closely related to that of any 
genus of the Phalangeridao, 

Myoloffy : — In the summary of inyological features at the end 
of the first part of this j)aper I enumerated many conditions 
representing adherence to the primitive lamination of the muscles. 
But these cannot be used for purposes of classification. 


The other points are given in 

Vha$colarcto8. 

1. Occipital crest curves backwards. 

2. Alisplienoid bullse as long* as ex- 

f)ccipital processes. 

3. CharojL'ters of uasal bones. 

4. Anterior margin of septum nasi con- 

cave. 

5. First dorsal spine scarcely exceeds 

seventh cervical. 

C. No patella. 

7. Vagina musculina present. 

8. No azygos lolw*. 

0. Epiglottis entire and far from tongue. 

10. No faucial tonsil. 

11. Tliick ureteric venous plexus. 


the following table : — 

Phasenlomys and Phalangerida\ 

1. Not so. 

2. Not HO in Phalangers. Bulla 

temporal in Thaacotom^i, 

4. Convex. 


6. Pat(dla thin and cartilaginous. 

7. Absent. 

8. Right lung has azygos lobe. 

9. Epiglottis notched and close to tongue, 

10. Faucial tonsils prasent. 

11. Absent. 


D. Characte7*s differing in all forms. 

In the first paH of this paper I described no fewer than thirty- 
two myological features diftering in all forms. But these fall 
into primitive and adaptive groups, and are useless for purposes 
of classification. As regards visceral anatomy, there are many 
points differing in all forms. Some of these are undoubtedly 



894 


OT. C. P. «0VTOA6 OK TOE CLASSTPICATIOK 


ad»p1^i^6, %Tft ot^hers oanncrt be mdtided in that category. The 
visceral and osteological characters are tabulated as follows : — 

1. Oral vestibule, palatal formula, tongue. 

2. Spleen, thymus, cervical lymph-glands. 

3. Division of the right auricular appendix. 

4. Branches of the aortic arch. 

5. Number of dorsal vertebiw, ribs, intercostal soft parts. 

6. Relative length of facial part of sVull. 

7. Characters of glenoid cavity. 

8. Size and perforations of iachi:yi»al bone. 

9. Olmracters of scapula. 


Text-figure 43. 





The Hcaptila in P'haacolomyi mitckelU (A.) : Vhaacolarctos cinareifs (B.); 
and Thalanger oriental ia (C.). 

Cxmchtaions, 

From an examination of these four groups of characters I Irave 
come to tbe following conclusion : — 

L riiosoolarciios cannot be included in the Phalangeridv. 
Although dentition and foot structure have led some observers to 
put it in that jEamilj in close retatiou to Paewhehirm^ there are 
many very important points in which it differs from them. Jf 
the^ are united it will be by superficial characters, and one will 
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brea%: up tlie series of ftmdamentall eharacters uniting line Koala 
and Wombat. 

2. Phii8Colarcto8 is united to Phcuucclomys by charaoteiB whose 
importance far outweighs the resemblances between the former 
and the Phalangeridse. The major ones enumerated on page 892 
are regarded as of value by anatomists and evolutionists. 

3. The cliaracters peculiar to Phascolarctos are not sufficiently 
important to place it in a separate family* But they are useful 
for distinguishing it from Phmcolomys in the family Fhasoo* 
larctidie. 

4. T agree with Weber and Winge that idiere shouM be only 
two families, one for the Phalaagers, and one foi* the Koala and 
Wombat; and there are characters of sufficient impoitance to 
place each of the animals in the latter in a separate subfamily. 
My views are tabulated thus ; — 

Family Pii ascolarctid je. 

Bubfamily 1. PriASCOLARcriN^, 

2. Phascolomvin.e. 

Family P h A l A n f? e r i d *«:. 

Subfamily 1. Phalangerinas, 

Phaktnger^ IVichosmms. 
Subfamily 2. PsEuoocriiRiNiK, 

Pseudochirus, 

5. If one simply enumemtes charactoi*s and strikes a balance 
lie will obtain one foimi of classifiwition, but if he consideis each 
feature and tries to detect tlie part it plays in the animal 
aconomy his results will be quite different. They will lead him 
to place the Koala and Wombat in the same family. 
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39. Experimental Evidence that Commensalism may be 
beneficial to Crustacea. By Edwabo B. Poi’lton, 
D.Sc., F.B.S., F.Z.S., Hope Professor of Zoology and 
Fellow of Jesus College in the University of Oxford. 

[Received November 7, 1922 : Read November 7, 1922.] 

The special associations of Crustacea with organisms believed to 
be disliked by their enemies — with Sponges, Ascidians, and Sea- 
anemones - has probably been derived from a more generalized 
use of animal and vegetable growths for the purpose of 
concealment. The following experiments proved that two con- 
spicuously coloured forms associated with Hermit-crabs were 
intensely distasteful to fishes, and that one of the crabs, when 
deprived of its associate, wjwt greedily devoured. The experi- 
ments were carried out, with the help and advice of Prof. W. 
Oarstang, in the Marine Biological Laboiatory at Plymouth in 
the summer of 1890. The results have often been described, but 
never published. 

(1) Pagurua hernhardua and its Sea -anemone, AS'a^artia j>am- 

Those CrustjuM'a were commonly dredged up at Ply- 
mouth, and large specimens bore on the shells — generally whelks 
—from two as to as many as six of these.large brightly coloured 
actinians. Prof. Garstang had already obtained much indirect 
evidence of the value of the association, for he had often found 
the young Hermit-crabs, too small to carry a Bea-aneinone, 
in the stomach of gurnai'ds and other hshes. They had been 
swallowed entire, their borrow^od shells and all. He had, however, 
never found in the fishes any of the larger crabs living in shells 
suited f<jr carrying ^Sagartia 

I first tested the nematocysts of the iSagartia by touching it 
with the tip of my tongue, and at once experienced a sharp smai't 
which endured for many hours. Pieces of about the size and 
shape of the bits of meat on which the fish in one of the tanks 
were accustomed to be fed w^ere then cut from a Bea-anemone 
and thrown into the tank. Misled by this, a few fishes seized 
pieces of the l:^agartia ; but no sooner had one been received into 
tlie mouth, than it was shot out again with much force, and the 
fish shook its head violently from side to side, apparently feeling 
the same smart which I had experiei’ced myself. After these 
first trials not one of the fish would touch the pieces, and it was 
obvious that the great majority saved themselves by yielding 
to the stimulus provided by the behaviour of the others. 

(2) Pagurua cua^aemia and the Bponge, Suheritea doumncvla,-- 
This small Hermit-crab, also common at Plymouth, inhabits a 
cavity in the sponge, the tip of its tail being fixed in a small 

* Tliese facts are recorded in * ** Colours of Animals/' Internat. Sci. Sen, bond. 

1890, p. 203. 
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gastropod shelly while the rest of its body lies in a spiral canal 
continuous with that of the shell and gradually prolonged from 
it with‘ the growth of the two associated organisms* The small 
shell was evidently inhabited by the young crab when the asso- 
ciation began, but had become deeply buried in the sponge at the 
time when the experiments were made. The sponge was of the 
usual orange-red colour, although they are sometimes dark and 
comparatively inconspicuous. In size and shape it resembled a 
smallish potato. 

When disturbed, or frightene<l in any way, the crab* dorted 
back into its sponge exactly as other Hermits dash into their 
shells. 

In ordan' to obtain pictures of this species and F. hernhardim 
under as natuml conditions as possible, the objects dredged up 
with ea«h species were arranged in a dish, which was lowered into 
an aquarhim so that its edge was in contact with the glass front 
and its contents well lighted from above. The crabs were 
secured in the most convenient position by tying to a stone in 
the dish. Although the string was wound so as not to touch 
P[ munerms, and was, in fact, sepaiated from its body by a con- 
siderable thickness of sponge, the crab quite understood the 
situation, and spent the whole time the artist was at work in 
trr 3 dng to wear through the string with its two large claws. 
Thus occupied and stretching out of its ciuial, it was an 
aalVnirable sitter. 

Prof. Garstang had already recorded that sponges as a group 
fire intensely disliked by fishes but I was anxious to test this 
special example and compare its palatability with that of the crab. 
Pieces like those of the SayarHa were therefore thrown into the 
atpiarium, but were recognized as unpalatjible even more quii^kly 
than the others, and seized by fewer fishes. When taken they 
were instantly rejected. The was then offered deprived 

of his sponge; there was a wild struggle, and the fortunate 
captor swallowed’ him in a moment. 

It was evident that both these Hermit-crabs are associated with 
organisms possessing qualities rendering them unpleasant to fishes 
— qualities advertised by conspicuous warning colours. One of 
the crabs was shown on this occasion to be very palatable to fishes, 
and the other pi^eviously by Prof, Oarstang, to be much Sought 
after by them. Although the experiments described were very 
few, the results were so definite and clear that there can be little 
doubt about the meaning of the association in these and other 
similar examples of commensalism in Crustacea. 

The beautiful illustrations, projected upon the screen, were 
painted’ in 1890 by my friend the late Mr. H. M. J. Underhill, of 
Oxford, who has reproduced the appearance of the living animals 
in their natural surroundings with wonderful skill. 

* ** Colours of Animals,’* h o. 
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40. Description of a New Lizard of the genus (halcides, 
from the Gambia^ living in the Society’s Gardens. 
By B. G. Boulengbb, F.Z.Si (Curator of Reptiles). 

[Received October 5, 1922 : Bead November 7, 1922.] 

Tlie Society recently received from H,E. Capt. C. H. Armitage, 
C.M.G., a generous donor to its collection, a number of reptiles 
from the Gambia. Among these was a Lizard of the genus 
Chalcides which is evidently undescribed, and for which .1 
propose the name of Chalcides armitagei, after its discoverer. 

Chalcides ahmitagei, sp. ii. 

Hnoiit more conical than wedge-shaped, hut with distinctly 
projecting labial edge. Eye small. Ear-openings not larger 
than the nostril, on a line with the mouth. Nostril jdei'ced 
mostly in advance of the suture between the rostral and the 
first labial. Suprannsals united. Frontal longer than broad. 
Fourth labial entering orbit. Body very elongate. Sides of 
body not distinctly angular. Scales perfectly smooth, in 24 rows 
rouml the middle of the body. Limbs short tridactyle. Length 
of hinddirnb not quite ecpial to distance between eye and fore- 
limb. Fore-limb e(juals in length distance between posterior 
Inirdcj* of orldt and snout. Tail shorter than head and body. 

From snout to vent 119 millim. ; tail 82 mm. 

Great variation is to be found in the structure of the Lizards 
of the genus Chalcides^ especially in the proportions of the limbs 
and body, an<l in the number of digits, where we find all stages 
of degeneracy, there being species with five, four, three, or even 
two fiiigei'S or toes. A linear arrangement based solely on the 
number of the digits would be unnatiii'al, as I have attempted to 
show in a recent paper*. The shape of the snout, whether 
conical or wedge-shaped, is of importance in tracing lines of 
descent ; this character being also taken into consideration, the 
species liere described as new cannot be placed in the group 
6 Va. sphsnopsiforviis, delisliiy ami sepoides^ its position being 
intennediate between Gh, mionecton (with four fingers and toes, 
and 24 or 26 scales round the body), and Ch. ruauritanicus (with 
two fingers and three toes, and 10 scales round the body). 


* l».Z.8.192(), u)l. j. p. 77. 
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41. On the Parasitic Neraatoda collected from Mammalian 
Hosts which died in the Gardens of the Zoological 
Society of London during the years 1919-1921 ; with 
a description of three now Genera and three new 
Species. By G. M. Vkvers, M.R.C.S., L.K.O.P., 
F.Z.S., Beit Memorial llesearch Fellow, and Assistant 
in the Department of Helminthology, London School 
of Tropical Medicine. 

[Received October 24^ 1922 : Read November 7, 1922.] 
(Text-figures 1-10.) 

The pamsites referred to in this paper were collected from 
mammals which died in the Gardens from October 1919 to 
June 1921, during which period the writer held the position of 
Honorary Parasitologist to tlie Society. 

In a previous Report, published in 1920 (1), I gave a list of 
the parasites which were collected during the first eiglit months 
of this period. (Certain of these are again mentioned in this 
paper, and to avoid confusion are marked in the Systematic List 
with an asterisk (*), 

Leiperenia galehi^ from the Indian Elepliant {Elephas indicus). 
and Qaloncus trldentatus, from the Clouded Lt*opard {Fells 
nehidosa)^ have both been described new species by Dr. M. 
Khalil in previous papers in 1922 (2). The methods employed 
ill collection have been referred to in my Report of June 1920. 

The whole of the material has been woi:ked out in the 
Helmintiiological Department of the London School of Tropical 
Medicine under the Directorship of Prof. R. T. Leiper, to whom 
I am indebted for his kind assistance and many valuable 
suggestions. 

In all, 43 species were collected from 36 hosts. Three of these 
are apparently new to science and are described below. 

It is necessary to create three new Nematode genera : — 

(1 ) Troglostronyylus^ for a new species of Metastrongylid worm 

found in the frontal sinus of a Leopard Cat {Fells 
hengalensxs). Type T, troglostrongylus^ gen. n., .sp. u. 

(2) Gylicospirura, for the Spirurid from the stomach of the 

Tiger originally described as Spiroptera mhmqualis by 
Molin. Type (7. suheequalia (Molin, 1860), gen. n. 

(3) PapiUosetaria^ for a new species of Filariid worm from the 

peritoneal cavity of Tragulm stanleyamis. Type P. tra^ 
gulif gen. n., sp. u. 

In Tragtdm stanleyanm a second new species also occurred ; 
this I have named Setajda jmmisisy sp. n. 

Proc. Zool. Soc. — 1922, No. LXl. 
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Systematic List of Nematoda collected, 

RuAJiidAsoiDKA R. &> H., 1916. 

AtractidjE Travasfios, 1919. 

*Jjeiperema galehi Klutli), 1922. 

* Prohstmayria vimpara Rausoiii, 1907. 

OxYVliOIDEA R. Sl H., 1916. 

OXYURID.E Cobbold, 1 B64. 

^Oxyuris equi Schrauk, 1788. 

Ascahowea R. k H., 1915. 

Ascaridj: Cobbold, 1862. 

. AscABiNiE Travassos, 1913. 

Ascaris iransfnya Riul., 1819. 

Belascans marginata 1802), Gedool.st, 1911. 

lielascaris onystax (Zeder, 1800), Leiper, 1907. 
'Toxasca^'is limhata R. & II., 1911. 

Toxascaris leoiiina (v. Liustow, 1902), R. k 11., 1911. 

Heterocheilio.e R. & H., 1915. 

Goezin^ Trava.sso8, 1920. 

*Coniracaxum osculatum (Riid., 1802), Baylis, 1920. 

H ETER A KI J)iE R. & 11., 1914. 

SuBULURiNJi Travassos, 1914. 

Suhulura distans (Rud., 1809), R. ib 11.. 1912. 

SmoxcrLOWEA Weinland, 1858. 

S T R o N cj Y L I D ^ Baird, 1 853. 

STRONGYLINiE Stossicll, 1898. 

Siroifgylas vulgaris (Looi^H, 1900), B. IJ., 1909. 
Sirongylus edetttatas (Looss, 1900), R. A II.. 1909. 
Cylicostomum nassatum (var, parvtnn Yorko A jVIcFjt*, 
(Jylicostomum goldi Boulenger, 1916. [1918. 

Cylicostomum bico7'onatum (Looss, 1900),GodoeIst, 1 903. 
U^sophagostomum a2MOSto7num (Willach, 1891), R.&H., 

[1905, 

ANCYLosTOMiNiE R. k H., 1909. [1909. 

Ancylostomaiualayauum {Alesimiilnm, 1905), R. & H., 
Avcylostoma ceylauicum Looss, 1911. [1909. 

A ucylostoma pluvuleiitatum^AXQmmil rin i , 1 905), R. A H ., 
Ancylostoma caniuum (Ercolani, 1869), Hall, 1915. 
*Ancylostoma couepati Solanet, 1911, 

Galoncus perniciosus (v. Linstow, 1886), Railliet, 1918, 
Galoncus tridentatus Klialil, 1922. 

^Unciuaria anniforrnis {Goez^^ 1782), Railliet, 1899. 
Characostomum asmilium R., H. & Joyc'ux, 1913. 
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TRiCHosTEONaYLiDifJ Leiper, 1912. 
Trichostronoylinas Leiper, 1908. 

^UcBmonchm contorkm (Kudolphi, 1803), Cobbold, 1898. 

Metastrongylidas Leiper, 1908. 

Mbtastromgylina!; T^eiper, 1908. 

^ Troglo8trong^lu8 iroglostrongglas^ gen. n., sp. n. 

Spijwhoidka R. k H., 1915. 

SriRURiDiE Oerley, 1885. 

SriHURiNv^: Railliet, 1915. 

ITahronerna cherren^jci Beiirnt, 1913. 

Spirocerca Hangidnolenta 1819), R. k 11., 1911. 

tStreptopharagtiH arynatus Blniic, 1912. 

Cghcoaplritra suha^qualis (Molin, 18G0), gen. n. 

R I c T t L A It 1 1 j) .K RaiIJiet, 1 91 G. 

liiclnlarut affltds J iigerskiold, 1910. 

Jkcifdarla cahirensls JagerskioKl, 1910. 

IdctnlarUi plagiosfom(c(Wei]\, 1861), Will. -Sulim 1873. 

G N A T n () s T (1 M I D .K R. Blanchard, 1 895. 

(JiUithostoma spinigerum Owen, 1836. 

FiLAHOHiEA Weinland, 18 . 58 , 

F I L A III 1 1 ) M Cla us, 1 885. 

Filaiiux/E Stiles, F907. 

*Fi(arla (frucills Kudolplii. 1S09. 

Filar id fHartis (line] in, 17iM). 

Siiiuriit lahiato-pffpilktm ( Aless., 1838), K. Aj, IJ,, 1911. 
iietaria hornhgi Boulenger, 1920. 

Setarid' juveaaisy sp. n. 
rapillosetaria tragali^ gen. n., sp. n. 

TmcuvHoiDKA Railliet, 191G. 

TRiciiURiDyE Railliet, 1915. 

Trioiiurina? Ransom, 1911. 

Trichuri8 otne (Abilclg,, 1795), Smith, 1908. 

Trichuris trichlura (Ijinnaens, 1771), Stiles, 1901. 


Ancylostoma pluridentatum (Aless., 1905), R. & H., 1909. 

In 1905, Alessamlrini described a Hookwoim fiom Fells niitis, 
Brazil, which he named Uncivaria plvridentatn'm (3). In 1909, 
Railliet and Henry placed the species in the genus Ancylostovm 

Looss, in his Monograph on the Hookworms (1911) (5), refers 


61 ^ 



904 


MB. O. M. VEVBRS ON NEMATOJOA FBOM MAMMALS 


to, and gives a brief description of the worm, with figures 
copied from the original paper by Alessandrini, The only 
measurements given are the size of the body. In 1916, Clayton 
Lane ( 6 ) suggested A, pluridentaium might not be a valid 
species ; he also suggested that if Alessandrini had not made an 
error and the species was valid, it should be made the type of a 
new genus. 


Text-fig. 1. 



Text-fig. 2. 



ioofj. 


Aneylostoma plwrid$ntatum (Alws.). 

Mouth capsule. Lateral view. Mouth capsule. Dorsal view. 


My material was collected from the small intestine of Felia 
tigris^ Malay States. 

I have compared the general measurements, mouth capsule, 
and bursa with the original description and figures given 
by Alessandrini, and find that they agree in all but three 
points : — 

(1) The length of the body. Measurements given by Ales- 
sandrini : Male 6-8 mm., female 6’5~*9 mm. 

Measurements of my material from Felia tigria : 

Male 8*5-9 mm., female 9-10*5 mm. 
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(2) The appearance of the mouth capsule when viewed from 

the dorsal respect. In my specimens the mouth capsule 
appears much deeper than the mouth capsule in Ales- 
sandrini’s figure. 

(3) Length of the spicules : 

Alessandrini’s measurement bs 960 ft. 

Material from Felia tigris = 800 fi. 

These differences do not seem to indicate that the worms from 
F. tigrie are of a different species from those described by 
Alessandrini from F, The variations noted might well 

be ascribed to the occurrence in a different host. 

It would seem that the figures of the mouth capsule, as given 
by Alessandrini, were made from somewhat flattened material ; 
I have therefore prepared new figures of the head from the dorsal 
and lateral aspects (text-figs. 1 & 2). 


Text-fig. 3. 



iOOfi. 

Characoatnmum aftmiUum R., H. & Joyeux. 

Mouth capsule. Dorsal view. Dorsal ray of hursa. 


OHARACosTOMUJkf ASMiLiuM R., H. & Joyeux, 1913. 

This species was first described by Railliet, Henry and Joyeux 
in 1913 from Cercopithecus pataa 

These authors describe the worm fully, but do not give figures 
of the bursa of the male or the cephalic extremity from the 
dorsal aspect; 

Two males were found in the small intestine of a Pig-tailed 
Macaque (Macama mnieatrinua) and one female from a Slow 
Loris [Nyciicehua ta/rdigradm). 
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The opening of the mouth is not terminal, but turns slightly 
dorsalwards as in Ancylostortia and Necator, 

The buccal aperture is surrounded by three concentric chitinous 
rings ; these have no setie. The dorsal gutter is very well 
marked, and is rugose on the dorsfil aspect. 

A figure is given illustrating these two points, as they are not 
mentioned in the description of tiie original material. A diagram 
of the dorsal i*ay of the bursa in the male is also given. 


Metastrongylinje Leiper, 1908. 

TllOGLOSTRONaYLUS TllOGLOSTIlONGYLUS, gen. n,, Sp. 11. 

In a previous paper ( 1 ) I made reference to a parasite whicli 
I found in the frontal sinus of a Leopard Oat (Felis bengaleims). 
At that time 1 was uncertain as to its systematic position, and 
provisionally diagnosed it as a “species inquirenda ” in the 
genus Syvthetocauhts^ with which it has certain affinities. The 
female, liowever, is ovovivi parous, and the male has remarkably 
long spicules with palmate expansions covered with minute 
spines, which cliaracters not only establish it as a new species, 
but separate it from Synthetocaulus, 

It also 1ms certain characters in common with the genus 
Ififimostronyylus, a species of which (//. suhct'enaiiis) was described 
by Haillict and Henry, from the bronchi of a Leopard, in 1913. 
Tlie disposition of the rays of the bursa in this worm is different; 
in //. mbcmiatvfi the postero-lateral and median-lateral rays are 
fused, whereas in 2\ troglostrongylus the antero-lateral and 
mcilian ’lateral rays are joined. H. sithei'enaius, moreover, has 
no ticcessory piece ( 8 ). 

(3n these grounds, therefore, I have considered it necessary to 
create a new genus — Troglostrongylus — for this worm. 

It would appear that the only othei* Nematode parasite which 
has the frontal sinus as a habitat is the worm Filaroidos muste- 
larum^ which lives in the frontal sinus of the Weasel {Mustela 
vulgaris) ( 9 ). 

Tlie systematic position of F, viustelarxmn is somewhat obscure, 
but it probably falls into the Spiruroidea, which has no affinities 
with the Strongyloidea, into which 2\ t7'oglostrongylus belongs. 
A comparison of these two forms shows certain points of simi- 
larity in structure which seem to indicate parallelism in evolution 
due perhaps to similarity in habitat. 


Troglostrongyeus, gen. n, 

Generic diagnosis. — Metastrongylincei Head simple, two lips, 
no buccal c«apsule. Cuticle covered with fine longitudinal stria 
tions. The bursa of the male is small in comparison with the 
length of the body. The ventral rays are short, and each formed 
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of two r»iys fused. The autero-lateral an<l median -lateml rays 
are fused together to form one large my. The postero-lateral 
and externo-dorsal rays are single and approximately the same 
size. The dorsal ray is single and broad, owing to the fusion of 
all its elements. 

The spicules are long and equal, they are tesselated through- 
out and carry pectinate larnellsB along their inner edges; each 
ends in a palmate expansion, the fingers of which are webbed 
with a cuticular expansion which bears minute spines. The 
female is ovoviviparous. 

Type-species, Troglosirongylus troglosirongylua^ sp. n. 


TrOGLOSTUONOYLUS TROGLOSTIlONaYLUS, sp. n. 

HoU, Felts bengaleasis. 

Locality, India. 

JIahitat. Frontal sinus. 

Specific diagnosis, — Troglosirongylus*, Thin filiform greyish- 
white worms, tapering rather abruptly at each end. 

The moutli is guarded by two inconspicuous lips, each bearing 
two minute papilhe. There is a slight cuticular expansion at 
the head and extending about 1 mm. along the body; on this 
cuticular expansion are faint transverse striations. Tlie rest of 
the worm is covered with very fine longitudinal striations, 

Tim (esoj)hagus in both sexes is of the simple muscular bulb 
type, measuring 500 p in length and 100 p in <linmeter at the 
bulb. The excretory pore and nerve ring are situated 250 p 
from the anterior end of tlie body. 

Male , — Measures 12 mm. in length by '4 mm. in breadth. 
The bursa is small and rounded, with a slight median notch in 
its margin at the point where the distal end of the dorsal ray 
meets it. The diameter of the bui*sa is *5 mm. The rays of the 
bursa aio somewhat a.symmetrical. The ventral rays are small 
and double; the antero-lateral ami median-lateral rays are fused 
into one large ray. 

The postero-lateral and externo-dorsal rays are single and 
short, in some cases not reaching the margin of the bursa. The 
elements of the dorsal ray are fused into one large, broad ray, 
which terminates in the median notch of the buj’sa. 

The spicules are equfil ami measure 2 25 mm. in length ; they 
are dark brown in colour and are tesselated. In addition, along 
the inner edge of each there are short transverse comb-like 
projections, which may be single or sometimes divide into two or 
even three branches. In the distal third these interlock and 
produce a union of the two spicules. Each spicule ends in a 
palmate expansion, the cuticular web of which is covered with 
minute spines. The accessory piece is dagger-shaped and 
measures 270 p in length. 
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Measures 20-24 mm. in length by *7 mm, in breadth. 
The tail tapers sharply and ends in a blunt point, near the end 
of which are situated two small laterally placed papilles. The 
anus is 300 fj, from the tip of the tail. 

The vulva is situated just behind the middle of the body. 


Text-figure 5. 



Trofflostrouffi^lus troglostrongjflutf gen. ix., sp. n. 


a. Caudal extremity of male. Lateral view. 

ft. Caudal extremity of male. Ventral view. 

c. Egg. X 200. 

d. Caudal extremity of female. 

e. Head of female. Lateral view, allowing excretory pore. 

The eggs contain a living embryo at birth, and hutching takes 
place almost imn)ediately, emluyas being found in the naso- 
pharynx, lungs, (esophagus, stomach, and intestines. The eggs 
measure 87 /a by 70 ft. Embryos found in the nasopharynx 
measured 240 p. 
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Sptrurinas Railliet, 1915. 

Cylicospirura subacqualis (Molin, 1860), gen. n. 

In 1913, Seurat described a Spirurid from the stomach of Felis 
ocrmta Gmelin (10). This worm he considered to be identical 
with Spiroptera aulmqualia Molin (11), and placed it in the genus 
Spirocerca^ as it conformed in many respects to the type-species 
of that genus (Spirocsrca aanguinolenta of the Dog), 

He published a description with a drawing of the mouth 
capsule of the worm taken from a single specimen, which he 
stfites was veiy much flattened by the pressure of the cover-glass. 
My material consisted of three females and one male collected 
from the stomach of a Tiger {Felis tigris)^ Malay States. 

The measurements of these specimens correspond in every way 
to those of the worm described by Seurat from F. ocfeata, except 
in regard to the mouth capsule, which is much wider in the 
latter, due no doubt, as Seurat suggests, to the pressure. This 
wTiter also states that the chitinous teeth in the mouth capsule 
are tricuspid, whereas in my specimens they are bicuspid. 

Von Drasche in 1882 revised Molin’s type material, and figures 
the cephalic and caudal extiemities of the male. In his figure 
of the mouth-parts he shows each of the chitinous teeth as 
bicuspid (12). 

I have also compared my material with an unpublished drawing 
of the ceplialic extremity made by Prof. K. T. Leiper from 
Molin’s type-specimens in the Vienna Museum, and J find it 
agrees in ev( 5 ry respect. 

Seurat, therefore, lias either made an error of observation, 
due perhaps to the flattened state of his specimens, or ho has 
confused another S{)ecie8 with 6’. suhceqvalis, of Molin. 

Moreover, as the mouth ca])sule of this worm wdth its armature 
of teeth in no way conforms to the type of the genus Spirocerca 
{S, sanguinoleiita), 1 wish to propose a new genus, Oylicospiriira, 
with C, snhveqaalis as the type-species. 


Cvlicospirura, gen. n. 

Geveric diagnosis, — Spirurhim ; Body elongated, tapering 
slightly anteriorly. Mouth circular, surrounded by six small 
papillae. The mouth capsule is deeper and conical in shape, with 
the apex of the cone in apposition to the anterior end of the 
oesophagus. It is provided with six triangular chitinous plates 
arranged radically, eiich of the internal free ends of which termi- 
nates in a bicuspid tooth which projects slightly beyond the 
entrance to the mouth capsule. 

The tail of the male is twisted spirally, and is furnished with 
a narrow symmetrical bursa, which has four pairs of preanal and 
two pairs of postanal papillfe. The spicules are unequal, the 
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long spicule being in the type-species more than five times the 
length of the short spicule. 

The vulva is situated in the anterior half of the body. The 
female is ovoviviparous. 

Endopniasitic in the stomach of Carnivoiu. 

Type-species, Cylicospirura suhi^qtutlu (Molin, 1860), gen. n. 

Text-fig. 7. 


Text-fig. 6. 



Cylicospirura suhaqualis (Molin), u. 

Mouth capsule. Caudal extremity of male. 



Streptopharagus armatus Blanc, 1912. 

In 1912, Blanc gave a short description (without figures) ( 13 ) 
of this species in what he termed a preliminary note. As he does 
not seem to have continued his researches on this worm, I have 
made some drawings from material collected from a Pig-tailed 
Macaque {Macacus nemesirinus) from India. 

No mention is made in the original description of the guber- 
naculum in the male ; this was probably an oversight. 

JSpiroptera pigmeiitata v. Lin stow, 1897 ( 14 ), from Cercopithecus 
(dbigulcma Africa, undoubtedly falls into this genus, but must be 
regarded as a separate species on account of the difierence in the 
length of the spicules. 
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Setabia Yiborg, 1795. 

From the peritoneal cavity of Tragulns stanUyanus^ from Java, 
two species of Setaria were recovered : of one species only four 
females were found, and of the other one male and one female* 
Both of these species are apparently new, and one falls into a 
new genus. 


Text-figure 8. 



cf 

Sireptopharngns arinitlus Itlauc. 

rt. Mouth. 

h, Cuudttl extremity of female, 
r. (.\'plialic extremity of male, 

d. Caudal extremity of male, 8ho\xing spicules ami accessory piece. 


Betahja jayknsis, sp. n. 

/fosi, Tragalus 8ta)tleyami8, 

Locality. «lava. 

Habitat . Pmitoneal cavity. 

Material. Four ft3male worms; no males were collected. 

iS'peciJic diagnosis. - Setaria: Body tapering gradually towards 
the anterior end of the body ; head rounded and not separated 
from the rest of the body. 

The peribuccal ring is ovoid, the dorse- ventral diameter being 
greater than the lateral. 

Four suhmedian hea<l papillje are present, 40 p from the 
anterior end of the body. 

Tim nerve ring is situatetl 200 p from the opening of the 
mouth, 
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Female 115 mm. in length and *5 mm. in maximum breadth. 
(Esophagus has a total length of 7*2 mm. and a maximum breadth 

of no 

The anterior portion of the oesophagus is 400 n in length. 


Text-figure 9. 



Setaria Javensis, sp. u. 
a. Cephalic extremity of female. 
h. Caudal extremity of female. 


The anus is distant .320 from the caudal extremity, which 
tapei’s gradually and ends in a small knob. The vulva is situated 
at a point 500 /a from the anterior end. Ovo viviparous. 

The embryos in utero measure 210/a X 7/a. 


In addition to the foregoing species, I recovered another 
Filariid woi*m from the abdominal cavity of the same host 
{Tragtdm stanleyanue). This species is evidently very closely 
related to the genus Setaria, but there are two points of generic 
importance which separate it from this genus — namely, the struct 
ture of the mouth-parts and the presence of bosses irregularly 
scattered over the cuticle of both sexes ; in other respects it agrees 
with the generic diagnosis of Seiarta^ as given by Boulenger 
( 18 ). 
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Papillo^etabia, gen. n. 

Generic diagnoaie. — Filariinm : Body cylindrical, filiform, taper- 
ing considerably at the posteidor extremity in both sexes. 

The month is guarded by two latei-al lips, which are lined by 


Text-figure 10. 



Fapillosetaria troguli^ pTon. sp. n. 

а. Caudal end of male, showing spicules and papillse. 

б. Cephalic extremity of female, showing vulva, 
c. Caudal extremity of female. 

an oval ring of chitin. The cuticle of both sexes is covered 
irregularly with bosses, except in the regions of the head and 
tail. There are four head papillae — two lateral and two sub- 
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median. The oesophagus consists of two parts — a short anterior 
portion and a longer and thicker posterior portion. 

The male is Smaller than the female, its attenuated caudal 
extremity ending in a close spiral. Preanal and postanal papillie 
aie present. The spicules are uneipml, the longer consisting of 
two parts, the shorter dagger-shaped with an expansion at the 
[)roximal end. 

The tail of the female is carved dorsally, and bears two lateral 
appendages close to the caudal extremity. The vulva is near 
the anterior end of the body. The eggs are thin-shelled. Ovo- 
viviparous, jmrasitic in the peritoneal cavity of mammals. 

Type-species, Pa2nllo8etarla tragidi^ sp. n. 

Papillosetakia thaouli, sp. n. 

Host. Tragidas stanleganiis, 

Hcdniat. Peritoneal cavity. 

Locality. Java. 

Speciji<c diagnosis. — Papillosetaria : Body tapering at both 
extremities, more especially towards the tail. Head rounded, 
not separated fi*om the remainder of the body. The mouth is 
guarded by two lips, lined by an oval ring of chitin which 
projects very slightly beyond the mouth. The head is surrounded 
by four papilhe : two lateral and two submedian. Tin* body, 
with the exception of the two extremities, is irregularly studded 
with siuall cuticular bosses. 

Ahde . — Length 5’7 cm, ; maximum breadth 280 p. 

The anterior portion of the oesophagus measured 500 p in 
lengt h, the posterior region OT mm. 

The nerve ring is 200 /x distant from tlm anterior end. 

The tail is coiled in a close spiral. 

The ano-genital opening is 120 /x from the caudal extremity, 
which ends in a small rounded knob. 

There are three pairs of postanal and four pairs of preanal 
papilhe. 

The spicules are une(|ual, the larger measuring 370 /x in lengtli 
and consisting of two portions — an anterior cylindiical portion 
and a terminal twisted portion ending in a sharp point. 

The shorter spicule is 85 /x in length, and also consists of two 
portions —a proximal expanded portion and a distal dagger- 
shaped portion. 

Female . — Length 14'5 cm.; maximum breadth 4(>0 /x. 

Anterior portion of the oesophagus is 400 p long, the posterior 
portion 9*6 mm. 

The anus is *5 mm. from the caudal extremity ; the tail portion 
has a distinct curve doi’sally. 

The tail ends in a bifid appendage ; near the extremity are two 
lateral appendages. 

The vulva is 650 /x from the head end. 

Ovoviviparous ; embryos measure 230 p in length. 
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Nematode Parasites arranged according to Hosts. 

PumAms. MAMMALIA. 

C E « C O P I T H E C I D iK, 

Macacus nembstrinus. Pig-tailed Macaque. India. 
fCharacoHtomum aamilium R., H. & Joyeux, 1913. 
(Esophoifosimnum apiostommn (Willatdi, 1891), R. JI., 
1905.* 

Trichar is trichiura (Liiina*U8, 1771), Stiles, 1901. 
'^Strepiopharagas armaius HlaiiC, 1912. 

Maca(’IIs rhesus. Rhesus Monkey. India. 

(EBophagostoaiaimipiosiomuia (Willach, 1891), R. & H., 
1905. 

Trichuris trichiura (Liniuens, 1771), Stiles, 1901. 
"^Spirocerca saugainoleata (RiuL, 1819), R. ik 11., 1911. 

Papio sphinx. Guinea nahoon. Africa. 

y^rlcharis trichiura { Linnanis, 1771), Stiles, 1901. 

C E B 1 1) a:. 

Oebus fatuellus. Brown C.i))uchin. Guiana. 

FUaria gracilis Kndoljiln, 1809, 

Laootiuux infumatus. Smoky Woolly Monkey. S. America. 

Filaria gracilis Rudolphi, 1809. 

(/ALurrnnix jacxuius. Common Marmoset. Brazil. 
Suhulvra distaas (Rudolphi, 1809), R. & 11., 1912. 


Fn(hsiMi.f., 

1.1 K M U « 1 D M, 

NvcTfcEBUS tardiguadus. Slow Loi’is. Malay. 
fAncplosioma malaganuia ( Alessandrini, 1905), R. tk II., 
1909 , 

f Characostoiaa asmilium^ R., H. tk. Joyeiix, 1918. 

Cahmvoha. 

FelidjE. 

Felis LEO. Lion. Africa. 

Toxmcaris leoaina (v. Linstow, 1902), R. tk II., 1911. 
Felis Tigris. Tiger. Malay. 

Jielmcaris mystax (Zeiler, 1800), Leiper, 1907. 

(rcUoacus permoosus (v. Linstow, 1886), Railliet, 1918. 
Ancyloetoma ceylanicum Looss, 1911. 
fA uxylostovm pluridentatum { A lessandrini, 1 905 ), R. B ,, 
1909. 

Cylicospirara siihatgualis (Molin, 1860), gen. n. 
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Felis pardus. Leopard. India. 

Belascaris mystax (Zeder, 1800), Leiper, 1907. 
OnathoBloma spmigerum Owen, 1836. 

Ancylosioma ceylaniaim Looss, 1911, 

Feus nbbulosa. Clouded Tiger. Assam. 

Bdascaris myslax (Zeder, 1800), Leiper, 1907. 
Gnathoatonia apinigenim Owen, 1836. 

Galaticua tridentatus Khalil, 1922. 

Ancylostonia ceylanicvm Looss, 1911. 
f Hahi^onema chevr&uxi Seurat, 1913. 

Felis viverrina. Yiverrin® Cat. India. 

Belaacaria myatax (Zeder, 1800), Leiper, 1907. 
Aiicyloatoma ceylaniciim Looss, 1911. 

Felis bengalensis. Leopard Cat. E. Indies. 

Belascaris myaiax (Zeder, 1800), Leiper, 1907. 
Giiathoatovui spmigerum Owen, 1836. 

^Trogloatrongylna trogloatrongylua, gen. !i., sj). n. 

Felis sylvestrts. Wild Cat. Inverness-shire. 

Belaacaria myatax (Zeder, 1800), Leiper, 1907. 

CYNiELURUS JUBATUS. Cheetah. Africa. 

Bela8ca7*i8 myatax {ZeUeVf 1800), Leiper, 1907. 

ViVERRIDiE. 

Paiiadoxurus itERMAPURODiTUS. Malayan Paradoxure. 
Malay. 

Gnathaatoina 8piniger\im Owen, 1836. 

IHctularia plagiostoma (Wedl, 1861), Will.-Suhin, 1873. 

Mungos MUNGO. Indian Mongoose. India, 
fFilaria martis Gmelin, 1790. 

Canid.®. 

VuLPES VULPES. Common Fox. Britain. 

Belaacaria marginata (Ru<l., 1802), Gedoelst, 1911. 
Rictularia affinia Jagerskiold, 1910. 

Uncinaria c7nniformi8 (Goeze, 1782), Railliei, 1899. 

Canis lagopus. Arctic Fox. Arctic regions. 

Toxa>8cari8 limhata R. & H., 1911. 

Canis prjm®vus. Indian Hunting Dog. India. 

Spirocerca aanguinolenta (Rud., 1819), R, ik H., 1911. 

Canis aureus. Common Jackal. India. 

Toxaacaria limhata R. & H., 1911. 

Aucyloaioma caninum 1859), Hall, 1913. 



WHIOH DIBB IN THE ZOOLOGICAL GABHENS. 


9ir 


Canis JiTBATUS. Red Wolf. S. America. 

Ancyloatoma cmiimvm (Ercolani, 1859), Hall, 1913. 
Canis occidbntalis. Arctic Wolf. S. America. 
Toxascaris limhata R. <k H., 1911. 
tCANis AZAE^. Azara^s Fox. S. America. 

RicUilaria cahirenaia Jagerskiold, 1910. 

Lycaon oapensis. Cape Hunting Dog. S. Africa. 
Belaacaria marginata (Rud., 1802), Uedoelst, 1911. 
Toxdscaria limhata R. <fc H., 1911. 

Mustelid^. 

CoNEPA'ius PROTEUS. Coitlova Hkuiik. Argentine. 
An^iyloaiomu conepati Solanet, 1911. 

U E 8 1 D A2. 

IJbsus ARcrros. Brown Bear. Caucasus. 

Aacaria iranafuga Rudolph i, 1819. 

O T A R 1 1 n A5. 

Otaria califohniana. Californian Sea- Lion. N. Pncidc. 
Gontracmam oaculaiiun (Hud., 1802), Baylis, 1920. 

PltOliOaCJDKA. 

Elephantid^. 

Elepiias indicus. Indian Elephant. India. 

Jjeiperenia galehi Khalil, 1922. 

UNOrLATA^ 

E Q U 1 D JE. 

EquI'S ONAGER. Onager. African origin. Bred in Gardens. 
Strongylna I'^nlgaria (Loons, 1900), R. <k II., 1909. 
Strongylua edentatua (Looss, 1900), R. Si H., 1909. 
Cylicostomum naasatam (var. parvttm), Yorke & McFie, 
*1918. 

Gylicostonmm hicoronatum (Looss, 1900), Gedoelst, 1903. 
OylicoatomMU goldi BouJenger, 1916. 

Oxyuria equi Schmnk, 1788. 

Equus orbvyi. Grevy’s Zebra. Africa.. 

Probstma^p*ia mvipara Ransom, 1907. 

Cylicoatomwn naaaatum (var. Yorke & McFie, 

1918. 

Siroitgylua vidgaris (Looss, 1900), R. it H., 1909. 

Proc. Zool. Soc, — 1922. No. LXIl. 62 
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B o V I D 

Obfhal^fhtts sp. Btiiker. B. Africft. 

Setaru» labiatQ'^pA^Uom (Aleiwimdrmi, 1838)> S. & H. 
1911. 

Hippotrauus bquinus. Roan Antelope. Africa.. 
fSeteiria homhyi Boulengeiv 1920. 

HcBDimichua contortus (Rnd., 1803), Cobbold, 1898. 

Ovis viGNBi. XJiial Gad. India. 

Triohuris avis (Abildg., 1795)^Stnitli, 1908.. 

Ammotragus lervia. Barbary Sheep. Morocco, 
ITcemonchus contortus (Rud., 1803), Obbbold, 1898. 

Tragulid.®. 

Tragulus stanleyanus. Stanley's Chevrotain. Java. 
’^Setai'ia javensia^ sp. n. 

"^Papilloaetaria tragidi^ gen. n., sp. n. 

[t Sigtufios that tlio parasite has not been found in this host befoj'e.] 
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42. On the Cestode Parasites from Mammalian Hosts which 
died in the Gairdens of the Zoological Society of 
London during the years 1919-1921 ; with a description 
of a new Species of Cyclorchida. By G. M. Vkvers, 
M.Il.C.S., L.R.O.P., F.Z.S., Beit Memorial Research 
Fellow, and Assistant in the Dopairtmcnt of Helmin- 
thology, London School of Tropical Medicine. 

[lieceived November 6, 1922 : Head November 21, 1922.] 
(Text-figures 11-12,) 

During the period under review eleven species of Cestoda were 
collected from thirteen mammalian hosts dying in the Gardens. 
One of these is new to science, and has been placed in the genus 
Cyclorchida Fuhr. This is the first record of a member of this 
genus occurring in a mammal, the only other species ((7. otnalan- 
clstrota) being from a bird {Platalea leucm'odea). Two of the 
species are larval forms ; of these it is interesting to note 
Mtdiiceps {(Juuinrm) serialis from tlie lung of the Ooypu (Myopo^^ 
Uvmaa coypu>8)y l)red in Britain. The only other record of the 
occurrence of this parasite in this particular host is that made by 
Pagenstecher in 1877, the Coy pu in tins case being one which 
had been in captivity in the Berlin Zoological Gardens (1). 
Ajiart from this, the only other larval form noted was that of 
T’mnia hydcUigena {Cyaticerciis tenuicollk) from thi'ee Ungulates. 


Systematic List of Species* 

Cyclovuyludea (Adult forms), 

MesocestoididjK Fuhrmann, 1907. 

Mesocestoides Ilnilliet, 1893. 

M* lineatus (Goeze, 1782), Raiiiiet, 1893. 
Anoplocbp HALIDA Kholodk, 1902. 

Anoplooepualin^e R. Blanchard, 1911. 

MoNiEEiA R. Blanchard, 1911. 

M* expama (Rudolphi, 1810), R. Blanchard, 1891. 
Linstowin^ Fuhrmann, 1907. 

Inekmioapsifkr Janicki, 1910. 

/. pagetisiecfieri Janicki, 1910. 

/, settii Janicki, 1910. 

/. interpositus Janicki, 1910. 
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Hymenolepididas R. &H., 1909. 

DiPYLiDUNiE Stiles, 1896. 

Cyolorchida Fuhrmann, 1907. 

(7. craseivesicula, sp. n. 

Tm^ 11 DM Ludwig, 1 886. 

TiBNiiNiE Stiles, 1896. 

Echinococcus Rudolphi, 1801. 

E. granulosits (Batsch, 1786), Rud., 1805. 

f 

T^nia Linii»eus, 1758* 

T. imniceforrnis (Batsch, 1786), Wolfhiigel, 1911. 

1\ halaniceps Hall, 1910. 

Qyclopbyllwjea (Larval forms). 

TiENiiDJE Ludwig, 1886. 

Multiceps Goeze, 1782. 

M, {Cotnurm) sericdis (Gervais, 1847), Stiles k Stev., 
1905. 

T^ia Linujeus, 1788. 

1\ hydatigena Pallas, 1766. 

(Syn. Cynticercus tenuicollis Rud., 1810.) 


Cycj.ophyludea. 

Mesocestoididas Fuhrmann, 1907. 

Mesocestoides limatas (Goeze, 1782), Railliet, 1893. 

The occurrence of this species in a Fox and two Badgers, all 
from Britain, is interesting, as it opens up the question of the 
occurrence of two species, M. UmaAvs and M, liiteratus^ in this 
country, and also throws some light on the question of the 
validity of the latter species. 

Hall stated in 1919 (2) that he could not express an opinion 
on the validity of M, JiUeratm, but that he retained the name 
although be could not see any evidence from material or descrip- 
tions for supposing that it was a separate species. In the 
examination of the material from the three hosts mentioned 
above, certain variations in the size and shape of the head, neck, 
segments, and internal anatomy were noticed, all of which might 
be accounted for by differences in the mode of preservation. In 
the case of the material from one Badger, the host had been dead 
some time, and the worms were also dead and well extended in 
consequence ; in the case of the other Badger the worms were 
collected and killed at once, in consequence of which each strobila 
was much contracted, causing distortion of the internal organs of 
each segment. 
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The inateriaJ from the Fox was 4ead when preserved, and 
therefore well relaxed. 

I am of opinion that all three batches of material collected 
from these three hosts belong to the same species (//. lineaim)^ 
the differences between them being of a transitionaJ or varietal 
nature, or due to differences in the methods of jpreservation. 

With regard to the validity of the species M. UttercduB^ 
considering the extreme variability of M. lineaiue^ coupled with 
the fact that both liave been recorded from the same hosts, there 
seems to be no reason for keeping M. litteratus as a separate 
species, especially as none of the descriptions given for it, 
including the original by Batsch (1786) (3), contain any points 
on which to differentiate it from M, Uneatus. 


ANOPLonEPHALiDiE Kholodk, 1902. 

Linbtowihje Fuhrmann, 1907. 

Inermicapsiper Janicki, 1910. 

(a ) Inermicapsi fer pagensiecheri Jan ick i , 1910. 

(b) Inermicapmfer aettii Janicki, 1910. 

(c) Inerrnlcapsifer interposiiua Janicki, 1910. 

In listing these three species of Inamiicapsiftr from the Rock 
Rabbit {J^rocavia capensis) I act with great diffidence, my reasons 
being similar to those given by Douthitt in his monograph on 
the Auoplocephaliclie, 1915 (4). 

It was only by the application of the key to the subfamily 
Linstowince, given by Douthitt, that I was able to make any 
attempt to diagnose my material. 


1Lym£NOLEP1did.£ Railliet k Henry, 1909. 

Dipylidiin^ Stiles, 1896. 

CYcnoitoiiiOA Fubrnmnii, 1907, emend. 

Generic diagnosis, Dipylidiinse. Rostellum armed with a 
double crown of hooks which have a very large dorsal root and a 
small hook portion. 

Genital pores unilateral. Genital canals pass between tiie 
longitudinal excretory vessels. Cirrus pouch communicating 
with tlie genital cloaca by a nan»ow canal opening upon a large 
papilla. Testicles very numerouw, entii-ely surrounding the 
female genital glands. Uterus ventral, growing laterally between 
the excretory vessels into the cortical parenchyma. 

Adults in birds and manimals, 

Type-speciesii Oyclomhida (Wedl, 1656), Fuhr., 

1907. 
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Cyolorohida orassivbsicula, sp. n. (Text-figs. 11, 12.) 

Host, Paradoxurui hermaphroditus (Pallas). 

Locality. Malay States. 

Habitat. Small intestine. 

Length of strobila 16-20 cm. Maxiirium width 1-75 min. 

The head is 250 y long by 280 p broad. There are four suckers, 
each measuring 100 in diameter. In front of the suckers there 
is a rostellurn 100 p in length and 200 y broad at the base. The 
rostellum is armed with a double crown of ten large and ten 
small hooks which interdigitate one with the other. 

The large hooks measure 65 /i in length from the point of the 

Text-figure 11. 



hook to the end of the haft, and 27 y from the j>oint of the hook 
to the end of the guard. 

The small hooks measure 43 fi from the front of the hook to 
the end of the haft, and 13 from the point of the hook to the 
end of the guard. 

The hook portion is relatively very small compared with the 
basal portion formed by the haft and guard. The neck is 
600 p long by 180 /i broad. The fii-st segments are equal in 
width to the neck, and are very short, gradually increasing in 
lx>th dimensions to the {losterior end of the strobila, where they 
measure *5 mm, in length by 1*75 mm. in breadth. 

In shape the segments are trapezoidal, broader than long, the 


WHICH DISH IN THE SSOOLOOICAL QAEDBKS. 925 

posterior border of each segment overlapping the anterior border 
of the following segment. 

The genital pores are unilateral and protrude somewhat. 

Male reproductwe orgcme, 

Tlie testes are 16-20 in number, oval in shape, measuring 
70-100 /I in their longest diameter. 

In the younger segments they are arranged in a circle loiuid 
the female genitalia. In the more mature segments they are 
pushed out laterally by the ovaries but still rebun a suggestion 
of their circular arrangement. There is a large seminal vesicle 
which lies in the anterior third of the mature segments. In the 
ripe segments in which the male elements are spent, this vesicle 
resolves itself into a finely-coiled tube, which is continuous with 
the vas deferens. 

The ciri'us pouch is 150 /a long, and opens thi^ough a papilla 
into the genital atrium or cloaca. 


Text-figure 12. 



B 

Cjfdorehida orasdvesieula, sp. ii. 


A. Mature segment, showing male and female genitalia. 

B. a and c. Ripe fertile segments. 

6. Unfertile segment showing sha))e of uterus. 

In the mature segments the cirrus is extended ; it mea^sures 
140 ^ in length and 20 p in breadth at the base, and is covered 
with small spines, whicli are directed backwards, 

Femah reprodxiUvoe orgam. 

The two ovaries lie side by side in the centre of the segment ; 
they are round lobulated organs measuring 160/4-180^ in 
diameter. 

Between the ovaries a very minute shell-gland is situated. 
Immediaitely beneath the shell-gland lies a group of yolk-glands, 
which together form a lobulated kidney-shaped organ measuring 
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W^p, in ^gt^, having the hilmn directed towards the sltell- 
gland. The vagina, which arises from a point between the 
ovaries, is 165 /i in length. 

As it approaches the genital opening it increases in width to a 
maximum of 20 /i, and at a point 30 from the genital aperture 
it narrows again to a fine duct, and opens into the genital atrium 
alongside the opening of the cirrus pouch. 

The uterus lies horizontallj in the segment, and in the 
unfertilised segment is a sac-like lobulated organ (text>fig. 12, &). 
In the ripe segment the uterus distends the whole segment and 
pushes its wa}^ to the extreme edges on both sides. Tlie eggs are 
single, oval in shape, and double-shelled. 

The diameters of the outer shell are 140/* x 100 /i : the 
embryophore is much smaller, measuring only 40 ju in diameter. 
No embryonal booklets were seen. 

In 1908 Smith, Fox, and White (5) described a cestode from 
Paradoicm'm grayi which they namc^ Tmnia From 

their description T, paradoxuri would seem to have no affinities 
with C* crccasivesicula^ the rosteilum in the former species being 
unarmed and the genital pores irregularly alternating. 

Up to the pi*esent the genus Gydorchlda is represented by the 
single species C. oinalancistrota from the Spoonbill {Plcitalea 
leucorod/ia), 

Cydorchida crass iresicula, sp. n., agrees with the generic 
diagnosis of Cydorchiikt as given by Itansom (1909) (6) in every 
respect except in the statement that the adults occur only in 
birds ; I have therefore einended the genei*ic diagnosis to read 
“ Adults in birds and numimalsP 

A comparison of the description of (7. oinalandstrola^ as given 
by Liihe in 1909(7), with my material offei*8 no jwiut of generic 
significance upon which to base a different genus. 

TifiNiiDJE Ludwig, 1886. 

Tjbniin.® Stiles, 1896. 

Echinococcus granviosus (Batsch, 1786), Rudolphi, 1805. 

The diagnosis of this species, as give® by Hall in 1919 (2), is of 
such latitude as to admit forms showing a variation of almost 
100 per cent., and is evidently a careful compilation of the 
characters as described by mrious writers. Although there are 
many cases on record of larval forms which vary considerably 
from the typical Hydatid produced by the species E, gramdosusy 
up to the present the occurrence of more than one species of 
adult idoes not seem to have been fully investigated. 

StHes in 1906 ( 8 ) suggested that an adult form from the 
Dingo might be a new species. 

Mfae in 1910(8) redescribed Tcmia oUgarthra Diesing from 
and compared it with Twnim ^immeouB 
V. •Sidb. From his ^eacriplnon it would appear to be a different 
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species, and therefore should be included in the ^ojhis 
Echinococcut, The specimens of adult Echinococcm collected 
from the small intestine of the Cape Hunting Dog {Lycaon 
ca^nsia) agree with the broad diagnosis as gii^en hy Hall except 
in regard to the eggs and the hooks. The eggs in my material 
measure 50 /u x ^ whereas Hall gires 3 6 /x X 30 /i as the 
maximum. The shape of the hooks in my material differs con- 
siderably from the figures of Leuckart and Stiles, the notch 
between the handle and the guard being exceedingly deep. 

I have diagnosed my specimens as Echinococciia ' gi^anuloausy 
but I do so provisionally, feeling that further study and com- 
parison with forms from othw hosts may prove them to be 
another species. 

Until a coi'eful comparison is made of material from Australia, 
South America, Africa, and Europe it would be unwise to make 
any definite decision. 


List of Cestode Species tvn*anged under Hosts, 
Carsivoha. 

V I VKRRID.®. 

YrvERRicuLA MATAOGiBNSm. Indian Civet, India. 

Tcsuia tmiiaformia (Batsch, 1786), Wolfhiigel, 1911. 
Cknktia gknktta. Common Genet. Spain. 

T(mila Uenueformis (Batsch, 1786), Wolfhugel, 1911. 
Paradoxurus uermaphrobitus. Malayan Paradoxure. 
Malay. 

CyeUn'chula crassivesiculuy sp. n. 

C ANIUJE. 

y ULPES vuLPES, Common Fox. Britain. 

Mesocestoides UtmcOms (Goeze, 1782), Baillset, 1893. 
Cakis auiucus. Common Jackal. India. 

Tcenia halaniceps Hall, 1910. 

Lycaon capbxsis. Cajie Hunting Dog. S. Africa. 

Echinococcus granulosm ( Batsch, 1 7 86), Hudolphi, 1805. 

Mustelidas. 

Meles meles. Common Badger. Britaiii. 

Mesocsidoides Uneaius (Goese, 1782), Bailliet, 1893. 

Kopkntia, 

OCTOnONTIDJB. 

Myopotamus coYPUS. Coypu. S. America. 

MuUic^s (Oeenurus) aerialis (Gervais, 1647), Stiles & 
Stev., 1905. 
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Eyiiaces. 

PbOC AVIIHAS, 

Procavia capensis. Cape Hyrax. S. Africa. 
Inermicapsifer pageristecheri Janicki, 1910. 
Inermicapsifer settii Janicki, 1910. 
liiermicapsifer interpositus Janicki, 1910. 

Ungvlata. 

Bo VID jE. 

Hippotragus EQUiNUS. Roan Antelope. Africa. 

Cysticercus termicollis Rudolphi, 1810. 

Moniezia expama (Rud., 1810), R. Blanchard, 1891. 

Ammotragus LERViA. Barbary Sheep. Morocco. 

Cysticercus tenuicoUis Rud., 1810. 

Ovis viGNEi. TJrial Gad. India. 

Gystic&rcus tenuicoUis Rud., 1810. 
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43. On a further Oollection of Mammals from the Inner 
Hebrides. By Ivor G. S. Montagu, F.Z.S. 

[Received October 14, 1922 : Read November 21, 1922.] 
(Text-figure 1.) 

Stbtematic Imubx. 
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Sor^x araneuB ffrantii 932 

Jpodemua hebridenaia tira^ subsp. n 934 

Apodemua hehrideuaia ghiat snbap. n 936 

Apodemua hehridenaia tural^ snbsp. ii 936 

Apodem%ta hehridenaia /tinta, subsp. n. 936 

Microiua agreatiafiona^ ettbep. n 940 


(MeaHuremonts iu tbe Tables are iu millimetres throughout.) 

The recent description of Hebridean mammals by G. E. H. 
Barrett-Hamilton and M.^A. 0. Hinton in P.Z. S, 1913*(1), in 
‘ A History of British Mammals* ( 2 ), and in Ann. & Mag. Nat. Hist. 

1913 ( 3 ), and by M. A. 0. Hinton in Ann. & Mag. Nat. Hist. 

1914 ( 4 ), neither completely exhausted the subject nor, in most 
groups, sought to make any definitive summaiy. Of the three 
wild genera most abundantly distributed in the Hebrides — S<n*eir, 
Apodemtis, and Microi^tSy — only Apodemus has been the subject 
of a detailed review, which, owing to paucity of material, %vas 
of necessity left indeterminate as far as certain islands were 
concerned. Valuable results w^ere accordingly to be expected 
from the examination of further mammal material from these 
localities, and for this reason it was thought desirable to extend 
the scope, originally of an entomological character, of a private 
expedition to the Inner Hebrides undertaken by some students 
at Cambridge University, to include the collection of mammals ; 
specimens, described in this paper, were thus obtained on Islay 
and Jura by I. G. S. Montagu, and on Gigha by G. E. Hutchinson 
and G. L. K. Hancock. The results achieved by the inspection 
of this and other material in the British Museum collection 
have cleared up several of the indeterminate points in ( 4 ), have 
shown the existence of ceiliiin forms of Sorex araneus which 
have an interesting hearing on the history of the species, 
and have pointed the way to a thorough revision of the British 
forms of MicrotuB, It should be noted that, again, in the case of 
no group is a definitive summary attempted ; a final view of the 
relationships of such a group as that treated in this paper is, in 
the writer’s opinion, only possible when fonns from all the islands 
inhabited by that group have been examined. Accordingly the 

• (1) “On a Collection of MammalB from tbo Inner Hebrides,*’ P. Z. 8. 1918. 

( 2 ) ‘ A History of Britieb Mammals.’ Onrney k Jackson, 1912-19. 

(3) “ Three new Voles from the Inner Hebrid^, Scotland,” A. M. N. H. 1913. 

(4) “Notes on British forma of Apodamm^*" A.M.K.H. 1914. 
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plan here adopted has been the tentative indication of these 
relationships without final systematic grouping. 

It should be noted here that the work of eollection in the 
Inner Hebiides was greatly facilitated by the invariable courtesy 
of the inhabitants. 

The writer further takes this opportunity to express his thanks 
to M. A. 0. Hinton, without whose generous advice the results here 
described w’ould largely have lacked their comparative value. 

Review of Sorex araneus forma from the Irmer Habridea, 

The satisfactory description of the characters of the Hebridean 
Common Shrews involves a general survey of those of Great 
Britain and of the most nearly related Continental forms. 


Form. 

Dorsal 

Colour. 

Ventral 

wash. 

Size. 


8, a. araneua. Continental .... 

Dark. 

Pale to dark. 

Various. 

Present. 

S. a, eattanena^ Britiah Southern 

Light. 

Pale to dai'k. 

Large. 

Present. 

S. a. eaatau&ita, Scottieb Highlaud 

Light. 

Pale to diu'k. 

SmalL 

Present. 

Jura shrew 

Dark. 

Palo. 

SmaU. 

Present. 

Qigha shrew 

Dark, 

Pale. 

Small*. 

Present. 

Islay shrew 

Dark. 

Absent. 

Large. 

Absent. 


* With largre cmaittl eliaracters. 


It will be seen from the above table that no chai*acter can 
be citeil to distinguish the Jura and Gigha shrews from some 
specimens of the Continental form. Continental S, a. ctrcmewa 
includes forms exhibiting distinct local variation from the 
typical ; a small form ranges from Denmark, through Northern 
Germany and the Netherlands, into France; tlie large typical 
form is found not only in Scandinavia but in Southern and 
Eastern Germany ; shrews from the Harz Mountains and. from 
South-Eastern Norway show a light ventiul surface^ the former 
thus resembling the Jura and Gigha forms in. both size and 
colour. It should, moreover, be noted that tlm typical form of 
S, a. caataneua is to be found only in the southern parts of Great 
Britain, the shrew of the Scottish Highlands being readily dia- 
tinguisbable from it by its generally smaller size and smaller 
skiUl. These forms all deserve systematic separation ; subspecific 
status, however, would undoubt^ly obscure tbeir relationships 
in such a manner as to render their present recognition inadvis- 
able. It follows tliat the revision and satisfactory anangemei^ 
of European shrews, as that of any other thoroughly examined 
group, is impossible without a quadrinominal nomenclature. In 
the absence of such a nomenclature the writer is unrepaired 
to nmke, and would certainly regard as unsatisfactory, an attempt 
to distinguish systematically the forms of J ura and Giglia from 
S. ck arcmme, In a simili^ manner the maantenanoe of specific 
status for the Islay shrew obsoTxres its rektionships, and the 
writer accordingly redxices its status to a suh^cific one; 
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It inii j h» noted a& an mteresting eircunetamyo^tbab tb«,nfii|^i- 
bouring HigbJand form of a. cctstamus is appvoacsbed im siae 
most closely by the shrew of the island most recently sejj^sfted 
from the mamland, Jur% and least by that of the longest 
sepiurated^ Islay. This eoinddes with the view that smaMness in. 
S. aramu 9 is a modern dharscter, devdoped in Scotland^ for 
exanjtple^ since the sep^ation of Lday fronii the mainland. 
Bimilaily, light dorsal coloration might be regarded as yet more 
modern, developed throughout Great Britain since the separation 
of Jura. That largeness in the group is primitive is confirmed by 
fossil e^ddence, which can, however, obviously throw no light on 
the 9 uestion of ancestral colour. The view that dorsal lightness is 
primitive in Common Shrews has been considered to be supported 
by its universal presence in young specimens. If, however, this 
latter view be correct, the J ura and Gigha shrews must have aa 
unusual history ; on the one hand they may be regarded ae con- 
vergent forms, strikingly parallel with Continental. S. a. ar<m€m ; 
on tlie otlier b&nd they must be regarded as representatives of a 
successful modern group, which, having excluded the older light 
group from the European mainland, has itself, m part, been 
exekiided from the British mainland. The improbability of both 
these assumptions encourages the statement that the description 
of the Jura and Gigha shrews tends to confirm the view that 
doi^al lightness in S* a, casta^ieua is a secondary development 
from a dorsal clove-brown condition ; this view is perhaps sup- 
ported by the fact that, even in S, a, oastanstssj the young coat k 
of a slightly lighter tint than is that of the average adult. 

SoBjax ARAN»us ARANBUS linnasus. 

Sorw aranem castarmiis Barrett-Hamilton k Hinton, F. Z. S. 
1913, p. 823 (1). 

Ma^ial exmnined and Dimeiisions, Six adults (3 dj 3 $ ) 
collected by Sheppard in May 1912 in Jura. Five adults 
(2 d , 3 $ ) and six young adults (3 dr ^ ? ) collected by Hutchin- 
son in June and July 1922 in Gigha. 


Jura. 

HU. 

T. 

HF. 

Avera}ce of nix adults 

m 

38*3 

12 

(jiauA. 

a. Adull J, 30.6.2a 

70 

37 

18 

6. „ J, 30. 6.22 

76 

40 

14 

6, „ 9,30.«.22 

70 

32 

11*6 

11. „ 9, 2.7.22 

71 

34 

12*6 

16. „ 9, 3.7.22 

77 

87*6 

12 

1. Young adult <J, 30.6.22 

62 

as* 

12 

10. „ <J, 2.7.22 

63 

37 

13 

14. „ „ <J, 8.7.22. ... 

665 

84r 

12 

8. „ „ $,80.6.22 

71 

39*5 

18 

4. „ 2, 30.6.22 

. .. 68*6 

38 

12 

A* 

Average of five adults 

69 

86 

12 

72^8 

88*3 

12*6 


The term '^youtie adult*’ is apnlied to speeimfliis in the light summer coat, their 
feet heiag abuudaiitljr elothed wim hair. 

* Tail damaged in trap. 
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Description* Both these forms exhibit a dark, clove-brown, 
dorsal coloration and a light ventral surface with traces of pale 
wash ; they are thus indistinguishable in appearance from certain 
specimens of Continental a* aranerts* In size (head-and-body 
and condylobasal lengths) they resemble the neighbouring High- 
land S, a, castaneuB in being small. The Gigha form, however, 
has large cranial and jaw measurements not usually associated 
with small length of skull. This may represent a secondary 
development, or may represent certain survived characters from 
the primitive general largeness. The sum of thase characters 
indicate that the Jura and Gigha shrews exhibit considerably 
more affinity with S, a araneus than with S, a. castaneus, and it 
would certainly be incongruous to leave them with the latter 
group. While they exhibit sufficiently distinct combinations of 
characters to justify separate recognition, the writer does not 
propose, for reasons stated elsewhere, to obscure their relationships 
by systematising them as subspecies. 


SoREX ARANEUS QRANTii raj^rett-Hamilton Hinton. 

Sorex gra^ntii Barrett- Hamilton & Hinton, P. Z. S. 1913, 
p. 824(1). 

ITahitat. Islay. 

JV^ew Material examined and Dimensions* Five adults (2 cf , 3 J ), 
one young adult ( $ ), and one aged specimen ( J ) collected by 
Montagu in June 1922. 



HB. 

T. 

HF. 

8. Adult 18.0.22. 

74 

37 

12 

11. „ 18.6.22 

66 

35 

12 

3. „ ?,17.6.22 

72 

31 

12 

7.' „ ?, 18.6.22 

77 

87 

12 

9. „ ?, 18.6.22 

76 

38 

11*5 

16. Young adult $ , 21, 6. 22. 

72 

40 

12 

12. Aged 19.6.22 

60 

39 

13 

Average of 1922 adults (6) 

73 

35-6 

11*9 

„ of all adults (23) 

7016 

369 

12*45 


Description, The new specimens of this form confirm the 
description by Barrett-Hamilton and Hinton in (1). An exami- 
nation of all specimens gives the following figures : — 

present on both sides in 10 specimens, 45 p.c. of those examined. 

„ one side „ 5 „ 23 „ „ „ 

„ absent „ both sides „ 7 „ 32 „ „ „ 

No. 12 is a moat remarkable specimen, the discovery of which 

has an important bearing on the bionomics of the shrew. 
L. E. Adams collected data, his interpretation of which has been 
generally accepted, demonstrating that S, a, castaneus is sn 
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annual, each geneiution surviving about eighteen months. Thus, 
according to this hypothesis : — 

In spring and early summer of year x there are present adults of 
year x-l and young of year x being produced. 

In late summer and autumn of year x tliere are present young 
adults of year x and adults of year x-l dying off. 

In winter of years a? x + 1 there are only adults of year x 

generation. 

The abundant data in support of this view need not be recapitu- 
lated, suffice it to say that all winter specimens were found to l>e 
indistinguishable in point of age, and that no really aged specimen 
had hitherto been examined. This theory was extended to 
embrace many other European shrew forms. No. 12, however, 
is undoubtedly above normal oge; the teeth are almost com- 
pletely worn away, the dorsal black and the ventral silver coats 
are grizzled. No specimen like it is in the British Museum 
collection, nor lias one been recorded. It should be noted that 
the proportion (l/29th) of examined specimens 

that this individual rejiresents does not encourage the view that 
there is a tendency to longevity in the subspecies, but causes 
one to i-egard its occurrence ivs being as exceptional as in 

a. ci^tenens. 

In reducing the status of this form to a subsjiecific one the 
writer is following the method of Barrett Ilamilton and Hinton, 
who, on p. 432 of (2), write : •* This mouse ( J/. a, macgiUivraii) 
might well be callea a species Mere it not that the subspecidc 
name indicates its relationships.” From this point of view specific 
status was, in the first place, incongruous for the Islay shi*ew, 
and the necessity for systematising it as a subspecies of S, arwneus 
has been enhanced by the description of the shrew^s from Jura 
and Gigha, the cbamcters of which emphasize the relationships 
of the Islay form. It should be added that this view is accept- 
able to M. A. C. Hinton, 

BoiiEX MiNUTUS mNUTUs Liniueus. 

Material exavdmd and Dimensions, One adult ( $ ) collected 
by Montagu in June 1922 in Jimi. 

HB. T. HF. 

17. Adult 23.6.22 69 38 ♦ 11 

Average of sixteen adults from the Inner Hebrides (1) 65*6 35*4 10*1 

* Tail damaged in trap. 

Description. This shrew bas now been reported in the Hebrides 
from Lewis, N. Uist, Benbecula, S. Uist, Barra; Skye, Sanday, 
Eigg; Coll, Tiree; Islay, Jura, Gigha; Great Cumbrae, Arran, 
Bute. It bad not hitherto been reported from Jura. The 
present specimen, it shoubl be noted, is noticeably large in all 
dimensions. 
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Sorex skull dimensions. 

Soreje araneus araneus. 


JtrRH. 

Cbl. 

Mb. 

Bbc. 

Dbc. 

M. 

Average of three epecimens 

. 18-60 
(2) 

616 

»-10 

(2) 

4-86 

(2) 

9*34 

Gioha. 

6. Adult S . . .. 

18*39 

6-64 

9*66 

6*23 

9*68 

16. „ 9 . .. 

18*02 

6-38 

0*60 

6*36 

9*62 

7. „ Yonng adult d 

18*44 

6*30 

9*60 

6*33 

9-73 

Average of eight specimen 8 

. 18*6o 

(4) 

6*39 

9-66 

(4) 

6*30 

(3) 

9*74 

8or»x araneus grantii, 

Islay. 

8. Adult $ 

. 18*71 

6*30 

9*27 

6*23 

9*66 

11. „ 

18*81 

6*42 

9*24 

6*40 

9*67 

3. . 

19*06 

6*66 

9*60 

6*33 

9*82 

7. 9 

18. Aged $ 

. 19*22 

6‘38 

9*22 

6-10 

9-70 

. 18*98 

6*60 

9*77 

6*00 

9-76 

Aveiitge of nineteen specimens . 

18*86 

(18) 

5*32 

9*26 

(16) 

6*16 

(18) 

9*66 

Sorex mirnUus tninutue, 

Juba. 

17. Adult 9 

15*94 

4*83 

7*46 

4*35 

7*89 


Notes on Apodennis. 

Hinton remarks, on p. 119 of ( 4 ), that “in practically every 
island of the Hebrides, difierentiation from the parent stock has 
proceeded so far that the most logical course would be to describe 
the mice of each island as a distinct subspecies.^^ In his paper, 
however, lack of abundant material compelled him temporarily 
to group the mice of Ghia and Tiree with those of Great Cumbrae 
as A. A. camhrcs, and the mice of Jura and Ivslay with those of 
Mull OB A. A. maclean. The distinguishing characters he observed 
in them are well confirmed by the extended series now available, 
and others are made apparent; there is left no doubt of the 
distinct nature of each, which is accordingly liere separated. 

ApODEMUS HEBRIDENSIS TIRM, Subsp. 11. 

Apodemus hehridensis cuinhrce Hinton, A. M. N. H. 1914, 
p. 128 ( 4 ). 

Habitat. Tiree. 

Material examined aiid Dimensions, Four adults (3 cf , 1 ? ) 
collected by Sheppard in July 1912. 



HB. 

T. 

HF. 

E. 

Tgpt 160. Adult $, 13.7.12. .. 

100 

88 

22 

18-6 

Average of all adults (4) . . 

102*6 

84*26 

28*1 

18-6 


Description. In general dorsal colour this form nearly resembles 
A. A. crnnhrm \ the flanks are slightly less bright than those of 
A. A. eumbroe^ and are little lighter than the back. The con- 
trast between flanks and belly is not striking; the latter is 
silvery, with slight trace of the pectoral spot. 
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The 8126 of this form is greater than that of the other rufous 
mice, J, A, cumbrce and A, A, gAia^ with which it was formerly asso- 
ciated. The tails are short, and the ears are considerably 
shorter than those of other forms of A. heWidemis* 

The only complete skull available, though that of an old 
specimen, is noticeably small. The dimensions indicate a broad 
rostrum like that of the Sodor (Gigha, J ura, Islay) forms, and a 
peculiar long, narrow nasal ; in other proportions the skull seems 
fairly to resemble that of the Cumbrae form. 

ApODKMUS nKBRIDENSlS GHIA, Subsp. n. 

Apodemua hehridensia cumhrm Hinton, A. M. N. H. 1914, 
p. 128 (4). 

Hahitat, Q-igha. 

MaterM exa/iained and Dimemions, One adult ( J ) collected 
by Sheppard in May 1912, Three adults ( <J ) collected by Han- 
cock and Hutchinson in July 1922. 



HB. 

T. 

HF. 

£. 

8. Adult, 1.7.22. 

.. .. 94 

89 

23 

14*6 

Typt 4. „ 2. 7. 22. 

92 

96 

23 

16*6 

7. „ a. 7. 22 

97 

88* 

25 

15 

Average of all adult. 

95 76 

89*7 

23*4 

16 


* Tail damaged in trap. 


Description, The black doiml hairs are distributed, not so tie 
to dull the general colour from rufous to brown as in the Mull, 
Islay, Jura, and typical A. A. Aehridensis forms, but in more 
definite splashes ; thus the back remains rufous with black 
spangled more abundantly in a median position than on the 
flanks. There is bright contrast between the fianks and the 
silvery belly, the line of demarcation being distinct. The pectoral 
spot is slight, though more distinct than in A, A, cumdrie and 
A. A. tirm. 

The appendage measurements correspond to those of A, A, 
mmhras and the typiail form. 

The skull measurements, when compared with those of J. A. 
cumhroe^ indicate a relatively small zygomatic breadth, crania] 
width, and coronal cheek-teeth length. In these measurements 
the skull of A . A, gAia more closely resembles that of the Islay 
than that of the Cum blue form. 

ApOBEMUS HEBRIBENSIS TUBAL, Subsp. U. 

Apodemua hebridenaia maokan Hinton, A. M. H. H. 1914, 
p. 130 (4). 

Habitat, Islay. 

Mcdarial eoccmined and Dimenaiona, Seven adults (2 , 5 $ ) 

collected by Sheppard in May and August 1912, two adults (?) 

63« 
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in the Koval Scottish Museum, 

and four adults (3 <f , 

, 1 $ ) and 

one young specimen ( cT ) collected by Montagu in 

HB. T. 

June 1922. 

HF. E. 

Tyjpe 2. Adult (^, 17. 6. 22 

91 

91 

26 

16 

4. „ <?, 18,6.22 

97 

98 

26 

16 

14. „ 20.6.22. 

98 

89 

28 

14 

6. „ $,18.6.22 

91 

88 

24 

16 

1. Immature $ , 10. 0. 22. 

02 

02 

24 

14 

Average of 1922 adults (4) 

94-26 

91*6 

24-5 

15-26 

„ „ all adults (13) ... 

93-6 

84-6 

23-1 

14-4 

Description. This form well r 

esembles A. 

h, mmlean 

in general 


colour; there is, however, less contrast between the back and 
flanks, the latter being distinctly more rufous than the lighter 
flanks of J. h, maclean. The ventral surface is silvery and the 
pectoral spot even less distinct than in A, h, maclecm. 

The appendage measurements of Sheppard have often been 
found to require 1 ‘evision, and the fact that in this case 
they, do not agree with those of Montagu indicates that too 
much reliance should not be placed on them. There can, 
accordingly, be little doubt that the ears of Islay mice are longer 
than those of the Mull form, with which they were formerly 
associated. Tlie tail, also, like that of the Oumbrae, Gigha, and 
Jura mice, is noticeably longer tha.* that of the Mull and 
typical A, h. hebridensis forms. The hind feet, far from being 
small as suggested on p. 130 of (4), are extremely large; it may 
be noted that in the young specimen the hind foot is equal to 
40 per cent, of the head and body length. 

The measui'ements of the recently collected skulls largely con- 
firm the diflferences notetl by Hinton in comparing this form 
with A, h, iruwleom* The skull of A, h, tural is to be distin- 
guished from the latter by its greater zygomatic and interorbital 
breadths, broader and deeper brain-case, rather larger bulla?, and 
broader rostrum and masseteric plate. 

Apodemus hebridensis larus, subsp. n. 

Apodemm hebridensis 'tnaolean Hinton, A. M. N. H. 1914, 
p. 130 ( 4 )- 

HahitaU Jura. 

Material examined and Dime'nsions, Thiee adults (2 rf , 1 $ ) 
collected by Sheppard in May 1912, and two adults ( J ) collected 
by Montagu in June 1922. 



HB. 

T. 

HF, 

E. 

Tsp* 128. Adult S, 18. 6. 12. 

100 

69* 

28 

14-6 

19. „ $, 26.6.22. 

86 

76 

23 

16*6 

20. „ ¥. 26.6.22. . 

84 

94 

23 

16-5 

Avenge of .11 wlulU (6) 

92-6 

83*7 

22*8 

14*8 


♦ T»il damaged in trap. 
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Description, This form ressmbles As h, tural in gexierRi colour^ 
but is dorsally darker, being the darkest form of A, hehridensis ; 
the dark hairs ore distributed evenly, though more abundant 
in a median position. The ventral surface is silvery and the 
pectoral spot is faint. 

The appendage measurements resemble those of A. h, tural^ 
the ears being longer than those of A. moclean. 

Like A, h, tnral the skull measurements resemble those of 
A. h, heht'idensis anA differ from those of A, h, machan in showing 
larger zygomatic, interorbital, and cranial breadths, larger cranial 
depth, and broader rostrum and masseteric plate. The skull, 
however, resembles that of A,h, maclean and differs from that of 
A. A. tnral in the smallness of its bulhe; further, it shows a 
peculiarly large width of the incisive foramina. 


Apodemus skull dimensions. 



(8) 

(2) 

(2) 

(8) 

(4) 


Qt. Ciimbnu). 

Tire<*. 

Oigha. 

Islay. 

Jura. 

Mull. 

No. 

A. h. 

J.h. 

A,h, 

A.h. 

A. 6. 

A. h. 

of 1). 

cumhra. 

tira. 

ghia. 

tvraU 

larus. 

maclean. 

1. 

3316 

22*70 

2^t-36 

23-63 

23-84 

28-78 

Irt. 

100 

100 

100 

100 

100 

100 

2. 

11076 

110*00 

107*90 

109*36 

109*40 

109*88 

3. 

66-60 

66-00 

68*40 

64-20 

64-65 

63*08 

4. 

16-80 

17*40 

17*60 

17*69 

17-60 

17*28 

6. 

61-(K) 

60*60 

48*20 

48*66 

49*38 

48*26 

e. 

36*60 

35-60 

35*72 

3513 

3499 

84-06 

7. 

46-60 

46*30 

46*20 

4578 

46*03 

45*90 

8. 

26-60 

26-46 

26*37 

26-39 

26*81 

26-98 

9. 

40-23 

42*10 

89*46 

40-06 

40*65 

41-80 

10. 

11*01 

11*70 

11*90 

11-97 

12*08 

11-98 

11. 

64-33 

66*95 

66*90 

64*84 

64-66 

64-03 

12. 

28*90 

28*65 

29-08 

29-34 

29-47 

29-90 

13. 

23*66 

24-70 

22*22 

23-40 

24-09 

24-70 

14. 

7*46 

7-73 

8*06 

8-13 

9-09 

6*86 

15. 

18*96 

19-80 

19-62 

19-30 

19-94 

18-88 

16. 

10-66 

10-36 

11*41 

10-77 

11*89 

10-20 

17. 

16 26 

16-25 

16*02 

15-92 

16-22 

18-06 


Numlv^r in ( ) of skuUi on which averages arc based. 


1, Condylobasol length : average in 

milliuietres. 

Reductions : — 

1 a. Condylobasal length equals 100. 

2. Occipitoiiasal length. 

8. Zygomatic breadth. 

4. Interorhital constriction. 

5. Cranial width. 

6. Cranial deptl), in middle. 

7. Postmolar length ; condyle to i»8. 


8. Conilyle to front surface of bulla. 
8. Nasal length. 

10. Nasal width. 

11. Palatal lengtL 

12. Diastema. 

18. Length of incisive foramina. 

14* Width of incisive foramina. 

15. Rostral breadth. 

16. Width of masseteric plate (least). 
17* Cheek-teeth, coronal length. 
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Mus MUSOULUS MuscuLUS LinnsBus. 

MaUrial examined and Dimensions, Three (2 cJ , 1 J ) collected 
by Montagu in June 1922 in Islay, and one ( (^ ) collected by 
Montagu in June 1922 in Jura. 



Ibut. 

HB. 

T. 

HF. 

E. 

10. 

Adult <J, 18.6.22 

82 

82 

18 

13 

13. 

„ 20.6.22 

. . .. 78 

76* 

17 

13 

6. 

.. $,18.6.22 

JVRA.. 

76 

76 

17 

10 

18. 

Adults, 26.6.22 

71 

71 

17*6 

13 


* Tail damaged in trap. 


Description. All the specimens, which were trapped in fields^ 
are in the yellowish outdoor pelage. 


Deview of the British forms of Microtiis agrestis. 

Definitions of various subspecies of M. agrestis have appeared 
from time to time (1, 2, 3) describing forms from the Hebrides 
and from the Scottish mainland. These definitions, however, 
have been written not by the same person, and often without 
facilities for surveying the whole material from all these localities ; 
the existing descriptions accordingly lack comparative value in 
some respects, such as character of fur ; for such characters are 
largely incapable of reference to other than subjective standards. 
The writer therefore gives here, in taimlar form, a comparison 
of the various types of fur recognised as peculiar in British 
M. agrestis forms. 


No. Typical, 

Islay. 

Gigha. 

Eiog. 

1. Intermediate. 

Sleek. 

Shaggy. 

Shaggy. 

2. Soft, 

Soft. 

Harsh. 

Soft. 

8. Rufous. 

Rufous. 

Rufous. 

Rufous. 

4. 12 

10 

14 

14 

5. 2 

2 

2 

2 

6. General. 

General. 

Abundant. 

General. 

7, 16 

16 

16 

10 

8. Irregular yellow. 

Unifonn dark 

a and 6. 

Uniform 

grey. 


white. 

8» 6 

6 

6 

6 

10. Grey, 2 

Grey, 2 

Grey, 2 

White, 2 

11. 8 


8 


12. Pale, 2 


Bright, 2 


o, 

irregular yellow ; 

6, uniform dark grey. 


Dorsal fur characters ; — 

1. Appearance. 

2. Texture. 

8. General colour. 

4. Coloured hair, length grey bases. 

6. „ „ „ coloured tips. 

6. Black hair, distributioii. 

7* „ „ length. 


Muck. 

Shaggy. 

Soft. 

Rufous. 

14 

2 

General. 

16 

More uniform 
yellow. 

6 

Grey, 2 
8 

Pale, 2 
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Vratml fur obaraeten t— 

8 . General colour. 

9. Short hairs, length grey bases. 

10. M » » aud colour tips. 

11. Longer hairs, length grey bases. 

12* n „ n and colour tips. 

Muck, M, a, luck ; Eigg, If. a. mial ; Oigha, M. a.Jlona ; Islay, Jf. a. maegiU 
livraii; Typical, Jf. ct. exsul; N. Uist, S. Uist, Jura, Arran, Mull, M, a, negUetut; 
Mainland, Bute. 

An examination of the skulls from all the localities visited 
leads to the conclusion that the present systematic grouping, 
based on the degree of reduction of the 4th inner angle of mi, 
is an inaccurate one. Tliis character is one which, seldom constant 
even locally, varies very readily, and undoubtedly its variation 
does not correspond with degree of differentiation in other 



— J 

Temporal shield : Tyjw 1. D. 2. Temporal shield : Intermediate type. 
1), 3, Temporal shield : Type 3. D. 4. Posterior part of palaU : Type 2. 
D.6. Posterior part of palate: Type 1. D. 6. Anterior part of jugal of 
If. a, fiona, D. 7. Anterior part of normal jugal. 


respects from the primitive type. Steps are being taken to 
secure specimens from most of the hitherto unvisited islands, 
and M. A. 0. Hinton and I. O'. S. Montagu are undertaking a 
definitive revision of the group. Accordingly, in spite of the 
incongruous position of many i/. agreHis forms, no attempt is 



940 


MR. 1. Q. S. MONTAGU ON A COLLECTION OF 


made here to define them in conformity with the present estimate 
of their position. An exception is, however, made in the case of 
M, a» fiona of Gigha since the material representing it is new 
and undescribed. It is further considered advisable to indicate 
the lines along which the projected new groupings will be 
effected. 

Group 1. 

Temporal shield type 1. 

M» a. rncbcgiUivraiL Islay. 

Fur colour peculiar ; palate type 1 ; 4th i. a. distinct. 

M, a, exsul. Jura. 

Fur colour typical ; palate type 1 ; 4th i. a. distinct 
or vestigial. 

Intermedidie Group, 

Temporal shield intermediate type. 

M, a, fiona, Gigha. 

Fur colour pecitliar; palate type 2; 4th i. a. vestigial; 
jugal peculiar. 

Group 3. 

Tempoml shield type 3. 

Division 1. Palate type 1. 

M, a, mial, Eigg. 

Fur colour pectiliar: 4th i.a. distinct. 

J/. a. exsuL N. Ulst, S. Uist. 

Fur colour typical ; 4th i. a. distinct. 

M, a, exsul. Mull. 

Fur colour typical ; 4th i. a. distinct or vestigial. 

Mixed Division. Palates of both types. 

M, a. neghciua. Mainland. 

Fur colour typical ; 4th i. a. distinct, vestigial, or absent. 
Division 3. Palate type 2. 

M, a, neglectiis. Bute. 

Fur colour typical ; 4th i. a. distinct, vestigial, or absent. 
M, a, exsul, Arran. 

Fur colour typical; 4th i.a. distinct or vestigial. 

M. a. Inch, Muck. 

Fur colour peculiar; 4th i. a. distinct, vestigial, or absent. 
Micbotus agrbstis FIONA, subsp. n. 

Microtus agrestis exsvl Barrett-Hainilton & Hinton, P. Z. S. 
1913, p. 830 (1). 

Habitat, Gigha. 

Material examined wad Dimermons, One adult ( cJ ) collected by 
Sheppard in May 1912, six adults (3 cJ , 3 J ) and two immature 
^ecimens (1 cf > 1 $ ) collected by Hancock and Hutchinson in 
June and July 1922. 
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£. 

8. Adults, 1.7.22. . . , 

119 

89 

18 

12 

tpe 6. „ 2.7.22. 

121 

36 

20 

11*6 

9. „ S, 2 7.22. . 

129 

38 

19 

11*6 

1. „ 9,80.6.22. 

107 

35 

19 

11 

6. „ 9, 2.7.22. . .. 

113 

36 

18 

12*5 

12. „ 9, 2.7.22. . . 

117 

34 

19 

12 

IS. Iinmature <? , 2. 7. 12. 

97 

31 

19 

9 

2. „ 9 , 80.6.22. 

97 

32 

18 

9*6 

Avorage of all adnlt* (7) ... . 

118*7 

36*7 

18*7 

11*8 


Descript wn. This form is, externally, of peculiar appearance. 
The long clorsjil fur is darkened, and rendered harKsh by the 
profuse abundance in it of long black haii*s. There appear to 
be present in t!ie subspecies two types of ventral surface ; this 
divei sity may prove to be a secondary sexual character. Females 
1, 12, 2 (iinin.) have venfrally only short grey hairs, and exactly 
resemble in this respect M, a. macgilUvraii. Males 3, 5, 9, 
13 (imin.), 127 and fennde () have, besides the short giey hairs, 
longer hairs with tips pigmented brighter yellow than those of 
the typical form, ami distributed in similar irregular patches. 
The character of No. d prevents one from formulating a definite 
opinion of tlio nature of this diversity until further material is 
‘'available. 

[n general body size and dimensions of a}>pendages tins form 
resembles M* a, exsvL 

The skull shows a temporal s])ield like that of J/. a. exsvl in 
its. main characters, bill resembling that of J/. a. wacgiUivraii 
in certain minor respocis. The shield is, further, unique in 
showing angle a’’ greater than 90°; in all other forms examined 
this angle is less than 90^'. The posterior part of the palate is 
grooveil. The jugal is peculifir in showing in dorsal view an 
abrupt anterior curve about 3 mm. from its junction with the 
rostrum. The 4tli inner angle of mi is distinguishable in all 
specimens but is never more than vestigial. 


* See Diagram 2. 
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44. Two New Indian Species o£ the little-known Genus 
Aulodrilus Bretscher of the Aquatic Oligochseta belong- 
ing to the Family Tubificidse. By H. R. Mehra, M.Sc., 
Zoological Department, Benares Hindu University. 
(From the Zoological Laboratory, Cambridge.) * 

[Received July 27, 1922 : Read November 21, 1022.] 

(Plates T.~in.t; Text-figures 1-9.) 
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(1) Intkoouotion Axn Previous Work on the Genus. 

The material which forms the subject of tliis paper was 
obtained from the mud at the bottom of a big pond known as 
liewaridalnl) in Benares. This pond lias its source of supjdy in 
the wiiste water from tiio city waterworks, in which the Avater 
from the Canges is mainly use<l for the supply of the town. 

In tlie same mud were also found many specimens of Zhnno- 
drilus sockdis Stephenson and Branchiura soicerhyi Beddard, 
common Indian Tubificids; Bramhiodrilm hortensis Stephenson, 
Dero liniosa I^eiily, and Aidophoriis fiirvaius Oken, gilled Naido- 
inorphs. Till reciMitly tlie only Tuhillcidie known from India 
were represented by four species, each belonging to a difierent 
genus. Besides Limnodrilus socialis and Branchiura sowerhyi 
there w’ere only two otlicr rather rare species, Bothrioneuron iris 
Beddard and Monopylephorus jmrvus Ditlevsen. In a juiper 
just published (16) S^tephenson has announced the discovery of 
Tnhifex fuhifex ami A idodrilus remex in that country. It appears 
that Ihihifex^ wdiich is a common Kurojiean Tubificid, is lare in 
India and probably in the East. The species described in t-lie 
present paper belong to the genus Auhxlrilus, which is at present 
the least knowm genus of the Tubificidte. This genus was estnb- 
lushed by Bretscher ( 4 ) in 1899 for A, limnobius in Switzerland. 

* Communicatod by I>i*. J. Stephensok, F.Z.S. 
t For explanation of the Plates, see p. 969, 
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He places it as an appendix to the TuhificidaB, though he thinks 
that it fits neither with that family nor with the Luinbriculidte, 
and suspects that it may be necessary to found a new family for 
it. Pigiiet (11) described a second species in 1906 and placed it 
among the Naidida) as jYaidium plmriseta ; but later transferred 
it to AulodrilusS^ whi^ch he considers to belong neither to the 
Tubificidai nor to the Naidida», as he saw retractile jienes in front 
of the ventral setae of segment 7. lie did not complete the study 
of the worm, and so (iould not bo sure about its position. 
Stephenson in a paper (15) published in 1921 describes another 
species, ^1, reme.v^ from India, as above-mentioned. 

The genus, which hitherto has been characterized mainly by 
the character of the needle seta^ (crotcliets), is now well estab- 
lished, as will be seen from the following description. The 
genital organs, unknown to all the previous authors, are described 
at full length in the present paper and decide the position of the 
genus in the family Tubidcnlse. The fact that the needle seta) 
possess a small outer prong (the one on the outer aide of the 
curve of the shaft), which is not the usual condition in the 
Microdrili, is not of very great generic importance, because in 
some Tubificids, e.g. in TabifW irbitiniis Grubo, sonn* crotchets of 
a similar kind are present; and moreover in .1. s^< 7 )/(ieaso?ii the 
outer small prong is missing altogt'ther, the needle sotte being 
thus singly pointed and not forked. 

The liiiider end of the body is narrower and thinner, and does 
not show any signs of segmentation. >Sometimes a faint indica- 
tion of eKtcrnal segmentation may be visible, but tlie zone of 
biubling lies some distance in front of the anus, vrhere a large 
number of new segments are being formed. One can easily 
recognize the worm by its peculiar hinder end. Tliis feature was 
previously described by Pigiiet in A. pletfriseta, i\ud Stephenson 
has recently confirmed it in A, 7'emeXj and remarks “the most 
posterior region shows no proliferation, nor even any seiginenia- 
tion, but there is a, zone of proliferation and foianation of 
numerous new segments some little distance in front of tlie anus.” 
Later on, he adds ‘‘such a bud<ling zone as that of the present 
genus is so far as I know unique.” 

A'tdodrilm connects the genera Branchiimi, Katramuria^ 
Psammorcytes, and Tuhifex\ it also shows some resemblance to 
Monojp/lephnrus qfricanus Michaelseii in the points that it 
possesses a speimiducal chamber, penial seta^ and spermatliecH) in 
the 9th segment. In certain points it also bears some similarity 
to the Naidida). One point of similarity, namely the anterior 
position of the genital organs, is however merely a case of extreme 
variation within the genus Aulodrilus and hence not of any 
generic importance. This follows from the description here given 
of a second species, undoubtedly belonging to this genus, in which 
the reproductive organs lie in the usual position for the Tubificidsp^ 
That it is a Tubificid is beyond any doubt, but it shows a greater 
simplicity of structure than any other genus of the family. 
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It iu remarkable that the atrium liere is situated far forwards, 
and is followed by a convoluted tube of great length which is 
enclosed in a thick covering of muscle fibres forming a structure 
somewhat similar to tliat of the coDlotnic sac in Branchiura and 
Kawamuria. 1 have called the tube following the atrium and 
enclosed in the cadomic sac the “ atrial <]uct and restricted the 
term atrium to the anterior rounded portion into wdiich tlie 
prostate opens. The use of the muscle fibres forming the cadomic 
sac, or better the muscular sac, is to evert the terminal part of 
the atrial duct, which thus projects out of the “ spermiducal 
chamber ” as a fairly long pseudo-penis. 

Tlie term “ spermiducal chamber ” used by Goodrich in the 
case of VermiculuR is retained here too, for a similar structure, 
/. c. the veuti'al depression of the bo<ly“Wall, into which the atrial 
ducts open and the penial seta' lie. 

The })rostate gland as usual iu the family is voluiniiioiis find 
coinpos»‘d ()!“ cell.s, wbicli when full of secretion l.ecome disorganized 
and lose their cellular structure, the secretion being tluis massed 
together liows directly into the atiium. The prostate appears to 
arise as a part of the atrial epithelium, wliich bursts out of the 
atrium as a sort of hernia or outgrowth. 

The pe nial setal sacs are provided with masses of large pear- 
shaped gland cells, which lie in the l)ody-cavity outside the setal 
sacs themselves tliough connected witli tlieir walls. 

I wisli to express my waime.st thanks to IVlr. F. A. Potts 
and J)r. J. Stefdienson of Edinburgh for valuable suggestions in 
connection with thi.s work. 

(2) Diagnosis of the Gexfs axd Species. 

The chief cliaracters of AvhdrilKH are tlie follow iiig : — Dorsal 
seta* caj>illiforin, uncinate or oav-sbaped (with tliin flattened 
distal extremity); ventral seta) uncinate. The nncumie seta* 
(crotchets) have the outer pi'ong (the one on tlie outer .side of the 
curve of the slmft) much smaller than the inner, or the outer 
prong may be absent. The penial setie, of very difierent form, 
are the modified ventral setce of the 7tli or 10th segment. The 
atrium is small and subsjdierical ; it is followed by a long con- 
voluted atrial <luct, which is enclosed by a thick covering of 
muscle fibres to form the “mu.scular” or “cadomic sac.'^ The 
terminal part of the atrial duct is ca})able of being evaginated to 
form a long soft pseudo-penis. The sperm-sac is formed by the 
backward extension of se})tum 6/7 or 9/1 U, and the ovisac by that of 
septum 7/8 or 10/11. The clitellum occupie.s segments 7 and 8, or 
10 and 11. The 8i>erinathec«) lie in segment 6 or 9. The hearts 
are in segment 6 or 8. Supm-intestinal, sub intestinnb and 
integumentfil capillary networks are absent. The formation 
of new segments takes place some distance in front of the anus. 
Asexual reproduction by fission as in the Naididae does not take 
place. 
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Avhdrihis kdshi resembles A, remex iu possessing somewhat 
similar oar-shaped set® in addition to the or<Unary needles ; but 
its hair set® are longer than the needles. The first nephridium 
lies in the 11th or 12th segment. It is twice as long as A. remex. 
The genital organs are in segments 6 and 7, the clitellum is on 
segments 7 and 8, and spermathec® are in the 6th segment ; the 
spermiducal chamber occupies segment 7. 

In A, stephensoni there are no oar-shaped needles, in which 
point it markedly difiers from the above species. The needles 
are here singly pointed and not forked— a point in which 
it differs from all the other species. The genital organs here lie 
in segments 9 and 10, the clitellum extends over segments 10 
and 11 and the spermathec® are in segment 9. The penial set® 
are the modified ventral set® of the 10th segment. 

(3) AuLODBILUS KASHI, Sp. 11. 

(a) Hahita and External Characters, 

The worms live invariably in tubes formed of small foreign 
particles of sand and debris cemented together with mucus 
secreted by the glands in the skin ; in the undisturbed condition 
the posterior portion generally remains outside the tube in the 
water, and is waved gently to and fro somewhat like the tail of 
Tuhifex^ Limnodrilus^ and other Tubificids, while the anterior end 
and greater portion of the body remains buried in the tubes inside 
the mud. On being disturbed, however, the worms withdraw 
their froely moving ^ils with fair rapidity. When placed isolated 
in water, they do not come out of the tubes verj^ readily, but 
when after a few minutes they do come out, they move like ot’ier 
Tubificids. 

About 40 specimens of this form were obtained between 
February and April, of which 27 were sexually mature. They 
vary from 20-28 mm. in length and hence are much larger than 
A, rernex. The hinder end of the worm is much thinner, the 
diameter being *13 mm. The diameter near the anterior end is 
•26 mm. The colour is yellowish-red due to the blood seen 
through the transparent body-wall. 

The prostomium is bluntly conical, about 90 /x in length. The 
number of segments varies from 31-70, plus a considerable 
number of undifferentiated new segments, followed by a narrow 
terminal region of about *78 mm. in length, which does not show 
any sign of segmentation (PI. III. fig. 11). The number of new 
segments forming in the region of budding varies considerably, 
but it usually is large. The small naiTOw region behind the zone 
of proliferation and in front of the wide terminal anus Piguet 
regards as physiologically a gill. According to him it possesses a 
rich cutaneous vascular plexus, but this I have not been able to 
observe in my specimens. The anus can dilate dunng life, 
forming what Piguet calls a bmnchial fossa.” The anus is wide 
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and terminal. The worms do not. reproduce asexually by 
budding. 

SeUe , — The setae of both the dorsal and ventral bundles begin 
in the second segment, and are absent in a numl)er of developing 
segments in front of the hinder end of the body. 

There are three kinds of setae in the doi‘sal bundles : capilliform, 
slightly hooked and doubly forked needles of the sigmoid type, and 
oar-shaped setae with somewhat flattened or fan-shaped distal 
extremity, which sometimes may end in a fine point. The 
number of setae in a dorsal bundle varies from 8-10 of which 
2-4 may be capilliform ; these are generally absent in the first 
two or three setigerous segments, and hence begin in the 4th or 
5th segment. 

A hair seta (text-fig. 1, A) is 99-1 04 /a in length, always 


Text -figure 1. 



A. Hair Bf'ta; U. Uncinate seta of a dorsal bundle; C and D. Dorsal betse Hat t cued 
near the distal end (oar sliaped) ; K. Uncinate seta of posterior ventral bundle ; 
F. Penial seta, X 640. 

longer but more slender than the uee<lie. It is nearly straight 
with a slight sickle<sbaped curve and tapers to a fine point. 
The needles of the ordinary kind (text-fig. 1, B) are, as usual, 
doubly curved and slightly hooked at the distal extremity, 
which is forked. In length this seta varies from 75-92 /u; it 
bears a swelling or nodulus, which is situated much nearer 
the distal extremity, the proportions of the distances from it 
to the proximal and distal ends being alwiit 2:1. Tho 
prong on the outer side of the curve of the shaft is smaller 
and much narrowei* than the one on the inner side, appear- 
ing as fine as a line or a denticle ; in some preparations it 
may be broken off, and then the seta appears as a single pointed 
needle^ The dorsal setsd of the third kind (text-fig. 1, 0 and D) 
are flattened at the distal extremity and appear oar-like« They 
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resemble the webbed set® described by Lankester in Tvhifex^ but 
for the prongs at the sides of the web. The distal end may be 
either rounded or bluntly pointed. Their length as measured in 
two specimens is 66-69 fi in one and 78-80 /i in the other ; the 
nod ulus here also is situated near the distal extremity, the 
proportions of the distances proximal and distal to it being 2 : 1 
as in the ordinary needles. The oar-shaped needles are less 
numerous and are often found in the segments in front of the 
middle of the body (in A, remex these setce begin in segment 13 
in one specimen and 7 in another, but they continue to the hinder 
end of the body). The thin flattened distal end shows com- 
paratively faintly, is marked by one or two vertical lines and has 
not the distinct outline of the rest of tlie shaft. 

The ventral set® (text-fig. 1, E) are, generally speaking, similar 
to the forked needles of the dorsal bundles. The inner pi'oiig is 
much broader, about four times as thick or even more than the 
outer one, which looks like a line process and in length may be as 
long as or sliglitly shorter than the inner one. The shaft of the 
seta in the posterior part of the body is shorter and more strongly 
curved than in the anterior part. In the anterior part of the 
body their length is 90-100 ft, in the posterior 60 - 70 ft. The 
nodulus is situated here also much nearer the distal end, the 
proportions being — the distance proximal to nodulus: distance 
distal to nodulus : 3:2 in the set® in the anterior part, and 
about 2:1 in tlmse of the posterior part of the body. 

The penial set® are always present during the sexual [drnse, 
and in this species are the modified ventral seta* of the 7t]i 
segment. They lie (PI. I. fig. 1) inside the spermiducal chamber 
and posterior to the openings of the atrial (ejaculatory) ducts. Jn 
one specimen the penial set® occupied a position ant(*rior to these 
openings. Their number is 1-3, geiiemlly 2 per bundle. Tlieir 
length is about *25 mm. The form of the seta (text-fig. 1,F) is 
very different from that of any of the dorsal or ventral set®. The 
shaft is slightly curved and is somewhat broadened in its distal 
portion ; its tip comes to a fine point and looks somewhat like 
the end of a spear. The distal portion has a blade-like inner 
edge and an outer narrow thick border, which is continuous with 
the thick proximal part. There is a narrow longitudinal de- 
pression on one face of the blade, which gives it to some extent 
the appearance of a spoon. The breadth at the base of the 
shaft is about 7 /i, while at the distal expanded portion near the 
tip it is about 12 fi. 


(b) Internul Anatomy, 

The cuticle lines the spermiducal chamber, which is therefore 
to be considered as a depression of the ventral body-wall. Large 
mucous cells are a prominent feature of the surface epithelium ; 
these no doubt secrete the mucus, which with the addition of 
foreign particles forms the tul)e of the worm. The cells of the 
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lateral line are small, about 15 by 6-9 /a in size, have an irregular 
form and contain a conspicuous rounded nucleus of 4 diameter ; 
they are only 4-5 in number in each transverse section. 

The clitellum extends over segments 7 and 8, which contain the 
principal genital organs; it leaves free the area on the ventral 
surface occupied by the sperniiducal chamber (PL I. fig. 4). It 
is opaque white in appearance and merges gradually into the 
epidermis in front and behind. Its cells are about 70 ft in height, 
i. e,f about four times as high as the ordinary epidermal cells. In 
the clitellar cells the cell outlines are lost, and the nuclei dis* 
appear, though these may be visible in the early condition lying 
here and there near the inner border. The cells have a coarse 
granular appearance; the mucous gland cells are present in the 
clitellum also. 

Text-fig. 2 A. Text-fig. 2 B. 




Vertical sections througrh the peuiul setal sac and the glandular masses in con- 
nection with it in two di derent s})ecin)ens. The i>onial seta is rooted in the 
wall of the setal sac. X 390. 

[For explanation of letters used in the figures, see p. 969,] 

Setal Sacs . — In the sexual phase the ventral setal sac of 
segment 7, which contains the penial setie, is nearly circular in 
outline as seen in a transverse section of the body (PL I. 
fig. 2). Its wall consists of tall columnar epithelial colls of 
about 18 by 2*5 ft size, containing a few nuclei near the outer 
periphery ; outside the epithelium there is a thin layer of muscle 
fibres. Cell outlines are not recognizable in the greater portion 
of the penial setal sac, except for a small portion on its ventral 
surface, on account of the secretion, with which the cells seem 
to be filled; the nuclei are also mostly lost in this region 
(text-fig. 3), though they are easily recognized in the ventral 
portion of the wall, where the secretion is not present. The 
Peoc. Zool. Soc.— 1922, No. LXIV. 64 
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setal sac is continued below as a tube to open externally, and 
is there lined by cells which have the same structure as those of 
the epidermis at the opening, out of which the penial setie project. 

A very obvious feature in the constitution of the penial setal 
sac is the presence of several cxjnspicuous lobules of a glandular 
mass, which lie outside it in the body-cavity though connected 
with its wall (text-figs. 2 A A B and text-fig. 3 PI. I. 
fig. 2). The lobules vary in diameter genemlly, and each is 
continued at its narrow inner end into the wall of the setal 
sac. The various lobules are separated from one another by a 
few narrow bands of muscle fibres. The epithelial wall of the 


Text-figure 3. 



Vertical section throngli the penial setal sac of a specimen in a more advanced 
stage of maturity. The glandular masses here are much bigger and lobed. 
The secretion of the gland cella is seen passing into the epithelial wall of the 
setal sac. X 220. 

setal sac, as has been pointed out, does not show any cel) out- 
lines for the greater part (text-fig. 3), and this is specially the 
case where the lobules pass into it, but is filled with a coagulum, 
which is as a matter of fact the secretion. It seems to me that 
the secretion of the gland cells which constitute the various 
lobular masses passes into the epithelial cells and is thus stored 
up there ; it is also likely that the epithelial cells are capable of 
secreting too. Each penial seta is rooted only in the innermost 
portion of the wall of the sac. The whole structure and appear- 
ance of the glandular masses and their connection with the 
epithelium of the setal sac resembles a somewhat similar condition 
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shown by the prostate and the atrium in these worms^ as we shall 
see later. That the epithelial cells of the setal sac, filled with 
secretion generally lose their cellular structure, except in the 
small ventral portion, which is continuous externally with the 
outer tubular part of the sac and not being connected with the 
glandular cells is hence devoid of secretion, can be easily followed 
in sections. 

Each glandular mass consists of a number of somewhat elon- 
gated pear-shaped cells closely pressed together. The cells have 
a frothy appearance on account of the secretion they are filled 
with, have mostly lost their cellular outlines, are deeply stained 
with hasmatoxylin or sirnilai* stains, and are similar to those of 
the prostate; only a few nuclei are present and all this tends 
to show that after secreting they lose their structure. 

The septa are thin throughout the body. The first septum 
lies l>etween the third and fourth segments. 

Alimenimy cemal . — The buccc'il cavity is capable of extrusion ; 
the a{3ithelial cells lining it are devoid of cilia. The pharynx 
occupies segments 2 and 3, and is covered over by a small amount 
of chlorogogen pigment; its wall is folded so that about 3~4 
diverticula which may be again <livided into two arise from it ; 
in one case a fairly long diverticulum arising from the anterior 
part ran independently for some distance and then opened into 
its posterior part. The pharyngeal epithelium is composed of 
high columnar cells with nuclei about the middle of their length, 
and provided with cilia of large size, which arising from the 
opposite walls meet in the somewhat narrow lumen of some of 
the divei’ticula. In a few specimens having a more slender body 
the pharynx was not folded, but here the cells of the dorsal wall, 
about 45-70 /X in height formed a sort of disc-like structure pro- 
jecting into the pharyngeal cavity, which consequently appeared 
of a somewhat crescentic form. The cells lining the ventral 
portion of the wall here were only 27-36 fi in height and 4’5 fi in 
breadth. Outside the pharyngeal epithelium lies a fine layer of 
circular muscle fibres, from which fine strands of muscles arise 
here and there, specially on the dorsal and lateral sides and 
connect it with the body-wall. 

The pharyngeal gland cells He in groups separated by the 
muscle strands, which form a. sort of loose network around them 
and largely fill up the body-cavity of the pharyngeal region. Each 
gland cell takes a deeper haematoxylin stain than the rest of the 
tissues ; it consists of a broaxl outer expanded portion in which 
lies the nucleus with the nucleolus and a long inner narrow 
portion, which can be easily mistaken for a connective tissue or a 
fine muscle fibre. The cell groups surround each of the pharyn- 
geal diverticula referred to before. In sections most of the gland 
cells are cut in such a way that their long inner stalks become 
completely separated off from their outer expanded portions and 
look like fibres. Hence arises a difficulty in tracing the cells to 
their inner ends. That the fine stalks of the gland cells reach 

64* 
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the fine basal membrane surrounding the pharyngeal epithelium 
is beyond doubt, and whether they penetrate the epithelium lying 
in between the cells to open into the lumen I have not been able 
to see. The pharyngeal gland cells extend also behind the 
pharynx and lie in masses of a somewhat irregular kind in the 
body-cavity near the fii*st septum ; I believe that these also send 
processes to the alimentary canal. The msophagus occupies 
segments 4~8 and differs from the intestine in its lesser diameter. 
The epithelium is separated from the surrounding layer of muscle 
fibres by a fairly continuous sinus, which is interrupted at a few 
places by the epithelial cells meeting the muscular layer. The 
oesophagus suddenly dilates about the middle of the 8th or the 
beginning of the 9th segment to form the intestine, which in 
structure corresponds to the oesophagus ; it occupies most of the 
available space in the segment and is attached to the body-wall 
by muscular strands. 

A large number of parasites belonging to the group Ciliata 
Astomata (PI. III. fig. 12) were found in the intestine of the 
majority of the specimens. 

Blood vascular system , — Tlie blood is ycllowish-rcd in colour 
and devoid of corpuscles. I'he dorsal and ventral blood-vessels 
are the only longitudinal trunks present, and they are connected 
with each other by a pair of commissural vessels in every segment. 
The dorsal vessel is contiuctilo and extends throughout the length 
of the body ; it occupies a dorsal position only in the first six 
segments, after which it turns to lie veutrally on the left side 
near the ventral blood-vessel. The ventral vessel divides in the 
first segment to form a pair of slightly coiled vessels which unite 
above to form the dorsal vessel. The peri-visceral vessels are large 
and undulating; they lie in the posterior part of the segmen'. in 
front of the septum. In the region of the pharynx they form a 
series of loops around it ; in the posterior portion of the body 
they lie very close to the body-wall and make it appear vascular, 
but they do not branch to form such a cutaneous plexus as is 
present in some of the Tubificids. In the (>th segment the dorsal 
vessel communicates with the ventral vessel by a pair of short 
lateral hearts. The intestine also is surr'ounded by a sinus, which 
lies outside the gut epithelium and is interrupted at a few places 
by the epithelial cells touching the muscular layer outside ; it is 
directly connected with the dorsal vessel by means of a short 
vessel once in each segment. The dorsal vessel is usually en- 
larged in the 7th segment, where it turns on the left side ; the 
peri- visceral vessels in the region of the sperm and ovisacs become 
enlarged in the sexual phase and lie coiled round them. The 
absence of supra-intestinal and sub-intestinal vessels as well as 
the parietal network indicates the simple condition of the vascular 
system, which is emphasized by the presence of a fairly continuous 
peri-intestinal sinus as in the NaididaB, The vascular system 
therefore is much simpler than that of Tuhifex^ Uyodriius^ and 
Branchiwra. 
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Nephridia, — The nephridia aie constructed on the same plan 
as in J^ubifex. They are unpaired and lie on one side of the 
body near the ventral surface close to the ventral blood-vessel. 
The nephrostoine is followed by a short uncoiled tubular portion 
with thin walls, which after piercing the intervening septum 
undergoes several windings, before it becomes continuous with 
the convoluted tube of the glandular mass. A small pear-shaped 
enlargement of the tube before it passes into the glandular mass 
is seen only in sections with some difficulty. The tube in the 
glandular mass is coiled two or three times to form well-marked 
loops ; it then emerges as a somewhat wider tube with thin walls, 
on ventral side nearer the anterior end of the nephridium, and 
not at the posterior end as in Tubifex, Tlie terminal free 
portion of the tube is short and expands near the distal end to 
form a small vesicle, which opens to the exterior at the nephri- 
diopore, a short distance in front of the ventral setae. The 
first nephridium lies in the 11th or 12th segment, after which it 
is present regularly in every segment, except in the terminal 
portion of the boily. 

Nervous system, — J'ho cerebral ganglion is deeply cleft in front, 
slightly so behind. 'I'lie median lobe, whicli characterizes the 
brain of Tuhifex and other Tubificids is here absent, but a median 
nerve is given off anteriorly to the prostomium. The peri-pharyn- 
geal coixls unite in the 2n«l segment to form the first ganglion 
of tlie ventral nerve cord. The giant nerve fibres so charac- 
teristic of the nerve-cord in the TubificidEe are absent here. 

Genital organs, — 1 collec-tc^d on several occasions between the 
middle of February and the end of April a few specimens having 
tlie.se organs at various stages of maturity. The genital organs 
are ])]aced far more anteriorly than in any other Tubificid, i. e. in 
segments 6 and 7 ; in other Tubificidte they are never present in 
front of tlie 9t,h segment except in Tabifex [Ilyodrilus) bedoti, 
whore they lie in segments 8 and 9, In this respect Aidodrilns 
kofthi comes near the family Naididw, in which the sexual organs 
lie in segments 5 and 6. The gonads are the first organs to appear 
when the period of sexual maturity sets in. In one specimen 
only testes were present ; on the other hand where the sexual 
organs were fairly advanced, the testes had entirely disappeared, 
liaving given rise to an enormous mass of developing sperms, 
which filled the <5th segment and the sperm-sac. The ovaries 
are always present till the latest stage of maturity and are quite 
large, as iu other Tubificids. 

The testes are ovoid masses, one on each side, attached by a 
narrow base to the posterior face of septum 5/6 near the ventral 
body-wall. 

The ovaries in a stage of advanced maturity are a pair of large 
massive organs of a somewhat ovoid or irregular form with a 
small basal stalk, l:)y which they are attached to the posterior face 
of septum 6/7 near the ventral parietes. They remain throughout 
the sexual phase, even when the ovisac is filled with ova and 
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yolky substance — a feature which distinguishes the Tubificidte 
from the Naididse, in which the ovaries disappear early like the 
testes. Each well-developeti ovary measures about *088 min. in 
height and ’095 mm. in breadth ; it extends as far back as the 
coelomic sac which lies in the hinder part of the segment. It is 
composed of ova at various stages of maturity, somewhat loosely 
arranged and not consolidated as in the Megadrili, and a large 
mass of yolk. The yolk generally fills up a large space in the 
centre of the ovary, while the ova lie all around it forming the 
periphery ; in two cases, however, the yolk extended on the upper 
border, and the ova were lying then on the anterior, ventral and 
posterior margins. It seems probable that only the cells around 
the periphery of the ovary develop into ova, and that the central 
cells break up, lose their individuality and form the large amount 
of yolk«matter. The developing oocytes, when of sufficiently 
large size get discharged with a part of the yolk and find their 
way into the ovisac, where they complete their further growth. 

There are no special blood-vessels for the ovary, or any part of 
the genital apparatus; the peri-visceral blootl-vessels and the 
dorsal vessel become much enlarged in the region of the body 
containing them. 

The vas deferens lies in the 7th segment, and opens internally 
by a large seminal funnel in the segment in front, piercing 
septum 6/7 ; it opens externally in a large ventral depression of 
the body- wall — the spermiducal chamber. Each duct lies in two 
segments and consists of the following parts: the seminal 
funnel, the vas deferens proper, the atrium with the prostate 
and the atrial duct, which is very long, much coiled and enclosed 
in a thick coat of muscle fibres to form a spherical or ovoid 
muscular or coelomic sac. 

The seminal funnels are situated in the 6tli segment — e. the 
segment in front of that in which the tube itself lies, near the 
ventral parietes, projecting freely and lying in front of the lower 
part of septum 6/7, below the opening of the sperm -sac (text- 
fig. 4). Each funnel about 75 /a in height is cup-shaped with 
everted lips ; in an advanced stage it is wide and shallow reaching 
about 75/4 in breadth. It is lined by a single layer of columnar 
ciliated cells of 20-28 fj. height except near the margin of the 
upper lip, where the height is somewhat less ; the cells are about 
3-6/4 broad, are wider on their inner ciliated border and narrower, 
appearing somewhat fibre-like at their outer end. The epithelial 
cells contain lari?e oval nuclei, 5-6 /i in greatest diameter placed 
about middle of their length ; the nuclei are somewhat smaller in 
the lower marginal cells of the funnel. The cilia are fairly con- 
spicuous. The peritoneal layer does not appear to be present 
outside the funnel epithelium. The elongated sperm-heads of 
11-12*6 fjL length with the tails about four times in length lying 
behind form a regularly arranged dense mass near the funnel 
opening (text-fig, 4). The lower lip of the funnel lies near the 
ventral parietes, about 32 /lc distance from it. 
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The vae doferetifi 5s a sliort slightly curved tube leading back 
from the seminal funnel and opening behind into the anterior 
end near the ventral margin of a somewhat swollen chamber, the 
atrium. The duct is circular in transverse section, and of nearly 
the same breadth throughout, i, e. about 26 /it. The lumen is only 
4 /X in diameter. It is lined by cubical epithelial cells of 7*6 /a 
height and without dednite cell-outlines ; the oval nuclei of 7*5 fi 
greatest diameter lie at right angles to the height of the cells. 
Outside the epithelium there is present a thin layer of circular 
muscle fibres, which as the seminal duct joins the atrium becomes 
much thicker and is continued into the thick muscular coat of 
the atrium. A few nuclei seen in sections here and there outside 
the muscular layer indicate the presence of the peritoneal layer. 

Text-figure 4. 



8ciTii-(Ufl(i;raminatic vertical soctiou of the vas deferens apparatus as 
compiled from several successive sections. X ca. 540. 

In the early stage the vas deferens is shorter and runs nearly 
straight to open at the anterior end of the atrium ; it is also 
narrower, the breadth then being only about 14/i including a 
lumen of 2*.6 ft. The epithelial cells are cubical, the muscular 
coat around the epithelium is feebly developed or even in a still 
earlier stage u.V)sent. The epithelial cells of the vas defei^ns are 
altogether devoid of cilia, while in the case of Tuhifex tubifex and 
LimnadrUne daparMeianus the cilia are quite conspicuous. In 
the latter genus I bad the opportunity of examining the vas 
deferens on several occasions and found the epithelium provi<led 
with long cilia ansing from the Imsal gmnules, which are visible 
in the living worm under a high power. It is also interesting to 
note here, that the vas deferens throughout the sexual phase IkS 
short. 
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What oorresponds to the atrium in other forms is a long 
tubular structure consisting of three parts. The first part, that 
into which the vas deferens opens, is a dilated chamber, ovoid in 
form, to which I restrict the term atrium ; and the rest of the 
tube I call the atrial duct. This is much convoluted and enclosed 
in a thick sheath of muscle fibres which form a chamber — 
the coolomic or muscular Sfic. The atrium has its long axis 
parallel to tliat of the body (PL I. fig. 3, text-fig. 4 ; and 
FI. II, figs. 5, 6, <fe 7); in a fully mature form it is about 
143 in height, 92 114 /u in breadth and 192 ja or about 

ram. in length; in the posterior portion however, its height 
is only about 74 /i. Its wall consists of a muscular sheath of 
5-7 fx thickness, which is surrounded externally by a thin layer 
of peritoneum ; and of the inner epithelium, which in many of 
the specimens approaching advanced sexual maturity loses its 
cellular character, appears simply frothy and stains like the 
coaguluin with which the atrial cavity is filled. Though the cells 
have lost their structural features and nuclei, it can be recognized 
that they have increased in size. The cells lining the hinderinost 
part of the atrium retain, however, their columnar outlines and 
their nuclei. The secretion of the larger, anterior portion of tlie 
atrium appears to be similar to that of the prostate cells. 

Prostate. — 'Che prostate gland is characteristic of the Tubificidse 
among the Microdrili. 

Connected with the atrium on its ventral side nearer its 
rounded anterior end there lies a voluminous inass of gland cells, 
which surrounds it, and a greater portion of the vas deferens in 
front; it has the form of an irregularly shaped lobate mass, some- 
times reaching as far hack as the cceloinic sac. The mass lies 
dorsally to the ovary, which occupies a ventral position ii* tliis 
region of the body (PI, I. tig. 3). 'Che colls are large and 
pear-shaped with the nuclei contained in the outer swollen 
portion; their narrow inner portions or fine ductules lie near 
the centre of the gland (PI. II, fig. 5) ami converge towards 
the point where the prostate is in communication witli the 
atrium, while the broad outer portions of the cells lie towards 
the periphery. \Vnien the prostate is fairly well developed, 
which was the case in most of the specimens under examination, 
the ductules or the inner portions of the cells lose their entity 
and become more or less disorganized ; and in the period of more 
advanced maturity, the outer portions of the cells become more or 
less dissolved, and the cellular structure disappears, only a few 
nuclei being left here and there. As the cells lose more and 
more in structure, the secretion becomes collected in a mjuss 
and passes straight into the atrium, where the prostate is 
connected with it (PL II. figs. 6 & 7). The prostate com- 
municates with the atrium by an opening 42 wide; here 
both the muscular and epithelial layers of the atrial wall are 
absent, so that the prostate appeal^ to arise as an outgrowth 
of the atrial epithelium. In the mature worm the atrial 
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epithelium is thus i*eplaced by a mass of secretion, which has 
apparently originated in the prostate. Vejdovsky (18), who 
studied the development of the atrium and the prostate has 
stated that the latter is formed by the proliferation of the cells of 
the lining epithelium of the atrium at a point, where the 
muscular and peritoneal lay el's are interrupted, so that the 
prostate cells and those of the atrial epithelium are intimately 
connected with one another; this agrees very well with what 
I find in sexually mature specimens. Though 1 am not in a 
position to say anything at present as to tlie origin of the 
prostate, its connection with the atiium certainly suggests its 
origin from the latter. It is, however, clear beyond doubt that 
the prostate cells become disoi-ganized when full of secretion, 
especially in their long inner ductule-like portions, and the 
secretion is discharged mechanically as a stream of inwardly 
moving liuid running through the centre of the glandular mass 
into the atrial cavity at the point of communication. 

Muscular or cmlomic sac. — The atrium is followed by a narrow 
duct of about the same diameter jis the vas deferens, which after 
a sliort length of about 22 fi undergoes a few irregular windings 
and may be called the proximal portion of the atrial duct (or the 
middle portion of the atrium, if it is regarded as a part of the 
atrium itself). It is continued itito a longer and much wider 
terminal part, which also undergoes several windings, fairly 
regularly arranged one below the other, till it passes vertically 
downwards to open into the spermiducal chamber. The convo- 
luted middle and distal regions of the atrium which constitute the 
atrial duct are bound up together and enclosed by a thick coat of 
muscle fibres so to form an ovoid structure, somewhat similar to 
the cmlomic sac of Branchiura and Kawamuria ; the muscle fibres 
forming its walls are not compacitly arranged, but somewhat 
loosely connected, so that there are left some narrow spaces here 
and there in between the strands of fibres, whicli have a few 
nuclei at certain places. The muscular sac extends ventrally as 
far Jis the spermiducal chamber ; the muscle fibres forming the 
wall are continued in places as strands above aud below into the 
musculature of the adjacent body-wall, where they pass through 
the layer of longitudinal muscle fibres to reach the layei* of 
circular muscle fibres, and thus attach the sac to the body- wall. 
The height of the sac varies ordinarily from 182 /i to 240 ; in a 
specimen of smaller size it was 125*5 /a ; its breadth varies from 
115-182/1. The narrow proximal portion of the atrial duct is 
14-17 ft in diameter, having a lumen circular in transverse .section 
with a diameter of about 5 ft ; it occupies the topmost portion of 
the muscular sac, in front of which it leads out from the atrium. 
It is lined by cubical cells of size 1 by 3 ft with conspicuous nuclei, 
but no definite outlines; outside it there is a thin layer of 
circular muscle fibres, which is continuous in front with the thick 
muscular wall of the atrium. 

The epithelial cells of the wider distal portion of the atrial 
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duct are of a different appearance alto^?ether. They are not of 
the same uniform height throughout, being tallest about the 
middle, where they are 8*5 /x liigb ; they are 14*3 fx broad at the 
base ; the inner portion of the cell projects into the lumen and 
contains the prominent rounded nucleus of 3*5 /x diameter (text- 
fig. 4; PI. II. figs. 6 & 7). The atrial duct in this region is 
much thicker than in the proximal part, being about 28-40 /li 
in diameter as it gj*adually descends towards its termination : 
its lumen is 16-22 /x wide. Outside the epithelium there is a 
covering of muscle fibres, which is slightly thicker than that 
of the proximal part of the duct owing to the presence of 
an additional layer of longitudinal muscle fibres external to the 
circular layer. 

The paratrium, a blind tubular outgrowth of the atrium 
characteristic of Branchiura^ Kmoamuria^ and Bothriomuron is 
here absent. 

The spermiducal chamber is the median quadrangular depres* 
sion on the ventral surface in the 7th segment formed as 
an invagination of the body- wall. The term has been used by 
Goodrich for a similar structure in Vermictdns, The chamber is 
large, about 115 /x deep, 200-250 /x long and about 360 /u broad; 
the margin of its external opening is generally puckered. The 
openings of the atrial ducts lie inside at its anterior angles, one 
on each side, and in several specimens during life one or two 
penes were seen projecting out of it ; sometimes, though rarely, 
the chamber is everted to form a papilla-like structure bearing 
the openings of the atrial ducts on its surface. The diameter of 
the terminal portion of the atrial duct near its opening is about 
32 /X, and the epithelial cells lining it gradually become of a 
uniform size, till they liave the same form as those lining the 
inner wall of the chamber, wliich is tlie inturned epidermis. The 
cuticle of the epithelial lining of the chamber is continuous with 
that of the body-wall outside. The spermiducal chamber acts 
probably as a sort of vSiicker during copulation. Although there 
is no direct muscular mechanism for deepening the chamber, the 
radiating muscle fibres attaching the muscular sacs to the body- 
wall by ccntraction can indirectly pull it to a certain extent and 
thus deepen it to produce a sucker mechanism. The chamber 
was more deepened in the specimen in which the penis was pro- 
truded ; and it aj)peai’S that the contraction of the muscle fibres 
of the muscular sacs, which lie on its top, helps in deepening the 
chamber also. 

Penis. — While examining several specimens in the living con- 
dition I saw in some cases one or two long cylindrical soft penes 
projecting out of the spermiducal chamber for a long or short 
distance. After proper fixation, sections were cut of two such 
specimens and tlie vstructure of the penis was investigated. This 
organ is covered externally by epithelium which is i*eally the 
inner wall of the wide terminal portion of the atrial duct, and can 
be distinguished as such by the peculiar character of its cells, which 
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are high and low at regular intervals, and swollen at their inner 
projecting borders, which here lie outwards ; the layer of muscle 
fibres outside the epithelium in the atrial duct forms here the 
inner wall (text-fig. 5). In the centre of the penis is a tube — a 
part of the atrial duct, the wall of which is continuous with that of 
the outer tube at the terminal opening. It is obvious therefore, 
t!)at the penis is here formed by the eversion of the terminal 
portion of the atrial duct carrying with it the more proximal 
part as the central tube. The narrow proximal portion of the 
atrial duct does not seem to bo drawn into the penis. The 

Text-figure 5. 



Part of traiis\crhO section of the body through the penis, ccelomic sac, 
and a part of the atrium and prostate. X 390. 

eversion of the atrial duct is in all probability brought about by 
the contraction of the muscle fibres forming the musculai- sac, 
which in turn are connected with the muscular Ia 3 ^er of the body- 
wall. The penis in these worms is not a permanent structure and 
hence is very difterent from that in many Tuhificids ; it should be 
regarded as a pseudo-penis. 

The sperm-sac is a median pouch formed by the exten.sion 
backwards of septum 6/7 ; it opens anterioily by a wide mouth in 
the 0th segment, and lies generally’ doi’sal to the fesophagus in 
the 7th and a part of the Stb segments. Its walls are as thin as 
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the septum from which it is formed and consist of a thin layer of 
muscle fibres covered both on the inner and outer sides by a 
peritoneal layer of thin flattened cells. It is filled with sperms 
in various stages of development, and is in appearance and struc- 
ture similar to the sperm-sac in the Naididco. 

A large portion of the body-cavity in the 6th segment is 
separated off laterally and ventrally from the smaller peripheral 
portion, contains all the organs belonging to the segment, and is 
tilled with a huge mass of developing sperms. This part is sur- 
rounded by a wall, which is continued dorsally into the body-wall, 
its side walls become continuous ventrally to form the ventml 
portion of the wall, except at the ventro-lateral corners where 
the spermathecal ducts interrupt it as they pass out to their 
openings, and in the transverse sections of the worm here the 
peripheral chamber is thus divided up into a median ventral 
and two lateral parts (PI. II. figs. 8 &, 9). The wall which so 
separates the two portions of the body-cavity in the segment 
is composed of modified peritoneal layers, with a layer of 
circular muscle fibres in between. The outer peritoneal layer 
consists of branched cells of an irregular outline, the fibrillar 
branches given off from the various cells anastomose forming 
a sort of loose lietwork, which with fairly big spaces enclosed 
in between gives the whole layer the appearance of paren- 
chyma and is about five times as tliick as the rest of the wall 
(PI. III. fig. 10). The middle layer, consisting of circular 
muscle fibres, becomes continuous with the Siimo layer of the 
ventral body-wall at the openings of the spermathecal ducts. 
Tlie inner layer consists of cells fairly regularly arranged and not 
of the same bread tli throughout, less regular on the lateral 
portions of the wall. This layer is continued dorsally into the 
peritoneal layer of the boily-wall, which also in this segment may 
he parenchymatous in character, hence sometimes the whole 
peritoneal cavity, i. e, tlie space outside tlie wall of the central 
chamber, is filled witli parenchymatous tissue formed by these 
peritoneal layers. The wall of the central chamber in the front and 
hinder parts of the segment gradually comes near the body- wall, 
and consequently the })eripheral cavity becomes much more 
reduced ; posteriorly it completely joins the body-wall about the 
level of the ventral seta3, in front of the seminal funnel ; 
anteriorly it unites wdth the body-wall near septum 5/6, of which 
it appears to be a biickward continuation, for in structure like 
the septum it is composed of three layers, the outer and inner 
peritoneal ones of more or less parenchymatous character with 
the middle one of muscle fibres. It seems clear that a good deal 
of support is afforded to the spermathecal ducts and proper 
protection to the developing sperms by this arrangement. 

The anterior sperm -sac described in many Tubificids is here 
absent. The ovisac is formed as a pouch by the extension back- 
wards of septum 7/8 and lies in segment 8, extending behind nearly 
to septum 8/9. It surrounds a part of the sperm-sac and extends 
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about ^ mm. distance behind it. It is filled with a large mass of 
yolk granules, and also contains a number of ova at various stages 
of maturity. 

The female funnel is very small. Its posterior wall (the one 
nearer the septum behind) is represented by a patch of columnar 
epithelial cells of about 25 /a by 5 ft size lying on the anterior face 
of septum 7/8 near the ventral parietes, below the point where this 
septum is bulged backwards to form the ovisac. The anterior 
wall is, however, smaller and somewhat less conspicuous in sections. 
The epithelial cells of the funnel contain oval nuclei of 2‘5/u 
diameter. 

The oviduct is extremely short, about 40 /x in length; it runs 
backwards and downwards somewhat obliquely to pass through 
the body- wall, througli which it runs as a narrow iiregular 
channel of about 25^ length and 4/1 breadth. The female 
opening is wider at the inner margin of the epidermis and 
narrower at the outer. 

The spermathecfiB occupy segment 6; they lie freely for the 
greater part of their length in the central chamber of the body- 
cavity and are attached to the partition wall at the ventro lateral 
cornel’s as they pass downwards to their openings, which lie about 
the middle of the segment, much in front of the ventral setaj. 
They are of considerable length and bent, so that each consists of 
two parts, a vertically elongate<l terminal portion — ^the duct, and 
an inner sac-1 rke portion — the ampulla. The duct is not sharply 
marked off from the ampulla, but gi’adually passes into it. The 
ampulla is simple, and in the later stages of maturity quite large. 
The length of the spermathoca is 234 -305 fA. The duct is circular 
in tmnsverse section, about 88-1 33 /x in length and 48*5 /x in 
diameter; in one case it measured 175;i in length. Its wall is 
17-20 fx thick, and is composed of an inner lining of columnar 
epithelial cells, surrounded by a coat of muscle fibres, with a thin 
layer of peritoneum outside. The epithelium is composed of a 
single layer of tall columnar cells of 10-1 4 /x height and 3 /x 
diameter, containing oval or somewhat elongated nuclei near the 
periphery, which lie with their long axis parallel to the height of 
the cells. The muscular sheath of 2 ^ thickness consists of an 
inner thin layer of circular muscle fibres and an outer thicker one 
of longitudinal muscle fibres. The peritoneum as usual consists 
of a layer of thin flattened cells with prominent nuclei. Near 
the opening the wall of the duct is less thick than in the upper 
part ; the epithelial cells here are less tall, l)eing nearly of the 
same height and form as those of the epidermal cells with which 
they are continuous ; here the muscular coat is also thinner and 
is continued into that of the body-wall. The nuclei of the epithelial 
cells in the terminal part are not elongated, hut somewhat 
rounded, and lie about the middle of the cell. The ampulla is 
much larger than the duct; its length varies considerably — in 
three specimens it was 146, 185, and 295 /x; the maximum breadth 
was about 120 /x. Its wall is much thinner than that of the duct, 



962 


MR. H. R. MBHBA ON TWO NEW INDIAN 


but the three layers are recognizable. The epithelium consists oi 
cubical cells of not more than 6*5 jit height ; in the ncivanced stnges 
of sexual maturity the cells lining the inner hliiul portion are 
still lower, wliile those near the duct sre somewhat square in 
outline. The muscular portion of the wall is much thinner, and 
consists of the same layers as in the duct. The thin peritoneum 
continuous with that of the duct forms the outermost layer. 
The greater thickness of the wall of the duct is due to the 
greater height of its epithelial cells and thickness of the muscle 
layers. 

In one specimen the spernmthecaj were found to he in an early 
stage of development (text-fig. 6). Here it has tlu^ form of a small 
rounded chamber with an external opening and is not differentiated 
into duct and an ampulla. In size it measures 120/x. by 90 /i. 
Its epithelium is composed of tall cells with oval nuclei lying 
about the middle and is surrounded on each side by a mass of 
small peritoneal cells with pioininent nuclei, a few of which are 


Text-fig. 7. 



Stages in the formation of a sperraatheca. X 840, 

continued to form a thin layer above. Thei‘e is no layer of 
muscle fibi’es present outside the epithelium, the cells of which 
have the same form and structure as tliose of the epidermis, with 
which they are continuous. In another specimen the spermatheca* 
are better developed, and one of them was about ICO/i by 68 /a in 
size; here they have the form of an upright tube with an external 
opening. It is composed of columnar cells with conspicuous 
nuclei lying faiily near the periphery. Outside the epithelium a 
thin layer of circular muscle fibres surrounded by a few peritoneal 
cells is present, but the layer of longitudinal muscle fibres is not 
yet formed. The wall is 22 ju thick and the lumen 13/a wide. 
Here also there is as yet no indication of the ampulla (text-fig. 7), 
The spermathecae thus arise as small rounded sacs by a.n 
invagination of tho epidermis, then they assume a tubular form, 
but the differentiation into the duct and ampulla takes place 
much later. In both these cases there were no spermatozoa in 
the spermathecffi. 
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(4) Aulodrilus stephensoni, sp. n. 

All the worms I obtained conform to the above description 
with the exception of one. This was first examined in the living 
condition and then studied from longitudinal sections. The 
description, though far from complete, gives the main features of 
the anatomy. 


(a) ExUmal Characters. 

The length is about 17*5 mm. The prostomium is bluntly 
conical. The number of segments is 56. The spermathecal 
openings lie on the ventral surface in the 9th segment much in 
front of the ventral seta). The spermidiical chamber lies on the 
ventral surface of the 10th segment : as it is very shallow, the 
opening of the atrial duet is clearly seen in each of its antero- 
lateral corners. Dining the examination of the living w^orm this 
chamber wiis not made out and the openings of the atrial ducts 
were supposed to be paired male openings ; but the closer 
examination of the entire mount an<l subsequently the sections 
revealed the presence of the shallow chamber. 

Setm . — Dorsal and ventral setje are present in all the segments 
from the 2nd segment backwards. The dorsal seta? are about 
3-9 per bundle, each bundle being composed of 2-3 hair seta?, 
and 1-6 sigmoid needles. The uncinate seta (text-fig. 8) is about 

Text-figure 8. 


A 



Uncinate seta of A. stephentoni as seen in balsam preparation of the 
entire specimen. X 640. 

half the size of the hair seta and ends in a fine {)oint at the distal 
extremity. The small narrow outer process, or the distal prong 
which is present in the seta' of A. kashi, is not seen. It may be 
that its absence is due- to breakage while making piej)arationH. 
The nod ulus is situated at about one-third of the distance from 
the distal end, and the distal portion of the shaft beyond it 
projects outside the body-wall. 

The ventral set® are similar to the dorsal needles and are 7-10 
in a bundle. The penial seta) are the modified seta? of the 10th 
segment end are 1-2 in a bundle ; they lie in the spermiducal 
chamber slightly outside the opening of the atrial duct. In shape 
and length they appear like those of A. kashi; the breadth near 
the base is about 5-7 fu 
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(b) Internal Anoitomy, 

The clitellum is twice as thick as the general epidermis and 
occupies segments 10 and 11. 

The penial setal sac is large, rounded, about 102 p in diameter. 
Jts wall is about 30^ thick and the lunjen 42 y in diameter. In 
coimecfcion with the sac there is a large glandular mass similar in 
structure to that in kaahi. The first septum lies between 
segments 3 and 4. 

The pharynx extends up to the 4th segment, in which the 
oesophagus begins. The intestine commences in tlie 9th segment; 
it is larger till the 20th segment, after which it gradually narrows 
towards the posterior end, where again it slightly broadens, being 
stretched by a few muscle fibres, which attach it to the body-wall. 

The dorsal and ventral blood-vessels are connected by an 
undulating commissural vessel in every segment. From the 
sections I have been able to find the position of hearts in 
segment 8. 

The testes had disappeared, but a large mass of developing 
sperms fills up the central chamber of the 9th segment and the 
sperm -sac as in A, hashL The structux-e and ])osition of the 
seminal duct, prostate, atrium and muscular sac agree in essential 
respects with the description of these organs in A» Jcashi, 
The seminal funnel is cup-shaped >^ith everted lips appearing 
somewhat like a thistle funnel ; it is attached near the ventral 
parietes to the anteiioi* face of septum 9/10 and lies in the 9th 
segment. The columnar epithelial cells lining it are 14--20/a in 
height. The vas deferens (text-fig. 9) is short and 17/ii in 
diameter, its wall being 6 p thick ; its lumen is 5-6 p in diameter; 
it is lined by cubical epithelial cells, which are covered by a thin 
layer of circular muscle fibres. Tlie atrium is very much like that 
of tlie other species, but it is smaller, being 80 p by 45*6 p in size 
and lies here in the 10th segment. The cells lining the cavity 
have lost their cellular appearance owing to the secretion with 
which they are filled, and are surrounded by a thick muscular 
sheath. 

The prostate is large and massive; it extends behind os 
far as the muscular sac. It is similar in structure to that in 
A. kashij and opens here also into the antero-ventral border 
of the atrium. 

The atrial duct (text-fig. 9) is much convoluted ; it consists of 
proximal and distal portions, and is enclosed by a thick covering 
of muscle fibres which forms the muscular (cmlomic) sac. The 
atrial duct as it leaves the atrium and before it enters the 
muscular sac is 23 p in diameter. Its lining epithelium consists 
of cubical cells, outside which there is a thin layer of circular 
muscle fibres. The proximal portion of the atrial duct is larger 
and has a wider lumen — about lip — than in A* kaahi. The 
distal portion of the atrial duct is 31 p in diameter and is lined 
by an epithelium, which as in the other species is alternately 
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high and low. In the taller portions near the inner margin are 
the nuclei. The muscular sac is smaller in this species; it is 
about 140/i in length and 114/u, in height. 

The sperm and ovisacs are formed here by extension backwards 
of septa 9/10 and 10/11 respectively. 

The peripheral portion of the body-cavity in the 9th segment 
is separated here also by a partition as in . hashL 

The ovaries are large a.nd attached to the posterior face of 
septum 9/10 near the ventral parietes lying in the 10th segment* 
The spermathecse lie in the 9th segment ; in structure they are 
similar to those in the other species, except that the duct here is 
somewhat smaller. 

Text-figure 9. 



pipe.s.s. 

Longitiuliiml through vatt defereiih apparatus of 

Aulodnlus BtephenaonL X 220. 


The present species is principally distinguished from the former 
by the position of the genital organ.s, which here lie in segments 
9 and 10. The seminal funnel lies in the 9th segment, while the 
restof the ellerent aj)pa ratus occupies the 1 0th segment. The sperm- 
sac and ovisac are formed by septa 9/10 and 10/11. The sperm i- 
ducal chamber is very shallow and lies in segment 10. The 
uncinate setae are somewhat different from those of the other 
species, and the penial setae are the modified setae of the 10th 
segment. 

(5) Remarks on the Systematic Position of these Worms. 

It will be apparent from the above description that Aulodrilvs 
must be referred to the family Tubificidae, although in A, kaahi 
the anterior position of the genital organs, which lie here in 
segments 6 and 7, suggests a position closer to the Naididae, in 
which family these organs lie in segments 5 and 6. In A, Stephen- 
Boni however, the sexual organs are present in segments 9 and 
10, though in other structural details there does not seem to be 
any marked difference between the two species. This clearly 
decides the position of this genus in the Tubificidas. Another 
point, in which these worms resemble the Naididas, is the presence 
Proc. Zool. Soo. — 1922, No. LXV. 65 
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of only one sperm-sac, which in appearance and structure is quite 
similar to that in the NaididsB ; the anterior sperm-sac, which is 
present in many Tubificids is not present here. The main 
portion of the body-cavity in segment 6 or 9 is cut off from a 
peripheral portion, and forms the central chamber, which contains 
all the organs and is filled with the developing sperms — a peculiar 
feature of this genus. That the worms do not reproduce 
asexually by budding, which is a common occurrence in the 
Naididie, separates them sharply from that family. There are, 
however, some features in which Atdodrilus shows a simplicity of 
structure comparable to that met with in the Naididae, e. (/. in the 
vascular system, where the presence of hearts in the 6th segment 
in A* kashi^ and the absence of supra- and sub-intestinal vessels 
and integumental network is noteworthy ; the brain also is with- 
out a median lobe, and there are no giant nerve fibres in the 
ventral nerve-cord. 

The distinct Tubificid characters are as follows : — 

(1) Structure of efferent apparatus with an atrium and massive 
prostate followed by a long convoluted atrial duct enclosed in the 
muscular or ccelomic sac. 

(2) Constant presence of a large ovary throughout the sexual 
phase. 

(3) The large massive prostate is connected with the atrium as 
in Txihifex and some other Tubificids, It appears to he developed 
as an outgrowth of the atrial epithelium. 

(4) Presence of a sperm id ucal chamber. 

(5) Position of genital organs in A, stephensoni in segments 
9 and 10. 

(6) Penial setal sacs provided with large massive glands as in 
Tuhifex (Peloscolex) velutimis. The penial setae are also very long 
like those of the above species, and very different from the ventral 
setae. 

The anterior position of the genital organs in A, kashi, I think, 
is a character only of specific rank not showing in any direct way a 
closer relationship to the Naididte, for in some genera such as 
Megascokx and Bmliholzia'f there are a few species in which the 
genital organs are placed one or more segments in front of those, 
which they generally occupy in the genus. In Tuhifex {Ilyo- 
drilm) hedoti the genital organs lie in the 8th and 9th segments 
and hence more anteriorly placed than in other meml>ers of the 
family. Among the Tubificidie Aulodriliis seems to have relations 
on the one liand to genera Tuhifex^ Ilyodrilus^ and Psammorcytea^ 
and on the other to Branchixira and Kawamuria, In possessing 
hair setsB, the long penial setse and the massive glands in 

* In A. UmnohiuSi A. fleuriaeta, and A. remex iilso tlio lioarts lie in the 6th 
segment. 

f In Buohholzia appendieulata Bachholz. these organs lie in the 7th and 8th 
segments, while in B. fallax Michaelsen, they occupy the usual position in the 
family, i , in segments 11 and 12. 
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connection with the setal sacs, and in the absence of the paratrium 
this genus resembles Tuhifex and PsammoreylSB. But it differs 
from these genera in the following important points : — 

(1) Position of the zone of formation of new segments some 
distance in front of the anus. 

(2) Presence of a spermiducal chamber. 

(3) Presence of a muscular or ccelomic sac. 

(4) Variable position of genital organs. 

(5) A.bsence of spermatophores and a true penis. 

(6) Absence of supra-intestinal and parietal vessels. 

In possessing hair set^e, an anterior atrium and a coelomic sac, 
and in having no spermatophores, it bears a remarkable resem- 
blance to Branchiura and KawamuHay the chief differences being 
the absence of a paratrium, the presence of penial setae and a 
spermiducal chamber, and the absence of a true penis, which is 
said to be present in Kawamuria. 

Aulod/nlm resembles Mrytiopylephorua africanm Michaelsen, 
ill possessing a spermiducal chamber, penial setae, and spei'ma- 
theciE in the 9th segment, and in the absence of spermatophores 
and a paratrium. 

The spermiducal chamber perhaps acts as a sucker during 
copulation. As this structure is present in Monopylephorua, 
which is however, in other respects very different from the pi^eseut 
genus, I think this organ is correlated with the absence of a true 
penis and therefore probably is due to convergence in these 
genera. 

(6) Summary. 

(1) The diagnostic characters of the genus and the species are 
given , 

(2) The reproductive organs hitherto unknown are described 
in detail. 

(3) The prostate is large and massive ; it opens into the atrium 
near the antero- ventral margin. The prostate cells soon after 
they are functional and filled with secretion lose their structure 
and become disorganized, while the secretion passes as an inward!}^ 
moving mass into the atrium at the point where the gland is 
connected with it. The atrial epithelium also at this time under- 
goes a gimt change on account of the secretion by which its cells 
become replaced having lost their entity. The manner of con- 
nection of the prostate with the atrium suggests its origin as an 
outgrowth of the atrial epithelium. 

(4) The cmlomic cavity in the segment which contains the 
spei mathecao is separated off from the peripheral portion by the 
formation of a ventro-lateral wall, which is composed of a central 
muscular layer surrounded on either side by a peculiar parenchy- 
matous tissue of peritoneal origin. The central chamber thus 
formed contains all the organs of the segment and is also filled 
with the developing spems; the spermathecal ducts pass through 
the ventro-lateral corners of the wall on their way to the exterior. 

65 ^ 
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{S) The spermatihecag aite octodermal in origin, and arise as an 
invagination from the epidermis. 

(6) As regards its systematic position Aidodrilits belongs to the 
Tubifieidae, although it resembles the NaidideB in some of its 
features. Among the Tubificidae it is related to Tuhifex and 
Psammorcytes on the one hand, and Branchiura and Kawamuria 
on the other. The spermiducaJ chamber, which is present in 
Mmiopylephorus^ also seems to be independently derived in these 
genera, and perhaps acts as a suckei* during copulation. 
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EXPLANATION OF THE PLATES. 

Kxplanaiion of Letters used in Figures. 

a, anud ; atr. atrium ; ap,atd. aperture of atrial duct ; atr,d. atrial duct ; 
6 . 0 . blood-vessel ; b.w. body-wall j c. cuticle ; c.c. central chamber ; el. clitellum ; 
C(jem.s, ccelomic (muscular) sac ; e.mf. layer of circular muscle fibres ; c.s.s. cavity 
of setal sac ; d.6.«. dorsal blood-vessel ; d.atr,d. distal portion of atrial duct ; e.gl.e. 
epidermal gland cell \ fsm.f, fenuvle funnel ; gl.c. gland cell ; gl,pe.ss. glands in 
connection with penial setal sac ; int intestine ; l.mf. layer of longitudinal muscle 
fibres ; l.p.w. lateral portion of partition wall ; m, muscles ; meg.n. meganucleus ; 
n. nodulus of seta; o. opening of vas deferens into atrium; oes. (esophagus: 
ov. ovary ; ovts. ovisac ; p.atr.d. proximal portion of atrial duct ; p.c. peritoneal 
cells; pe.s. penial seta; pe.s,s. penial setal sac; per.c. peripheral chamber; 
ph. pharynx; pr. prostate; pro. prostomium; pr.s. prostate secretion; prolif. 
proliferating cells ; p.to. ]mrtition wall ; s, seta ; se. sc^cretion ; sep. septum 6/7 ; 
s.f, seminal funnel; sp. speims; sp.ch. spermiducnl chamber; sp.s. sperm-sac; 
spth. spennatheca; spth.op. spermathecal opening; v.n.e. ventral nerve cord; 
vas.d. vas deferens : v.b.v. ventral blood-vessel : v.p.w. ventral portion of partition 
wall. 


[Figs. 1-12 illustrate Aulodritus kashi and fig. 13 Aulodrilus stephensoni. 

All the figures except 1 ^ 3, and 13 are drawn with camera lucida.] 

Fig. 1 . Ventral view of anUuior portion of the worm showing spennathecal 
openings in the 6 th aim spermiducnl chamber in the 7 th segment. 
Peuial selm and apertures of the atrial duets lie in the spermiducal 
chamber. X ca. 96. 

Fig. 2. Transverse section through the penial setal sac. X 220 . 

Fig. 3, Serai-di^rainmati<:, compiled from several successive longitudinal sections 
showing the genital organs. X ca. 120. 

Fig. 4. Transveise section of the body through the spermiducal chamber and its 
opening, X 120. 

Fig. 6 . Transverse section showing the prostate opening into the atrium. The 
prostate and atrial epithelial cells have mostly lost cellular structure and 
are converted into the secretion, X 390. 

Figs, 6 «fe 7. Longitudinal sections through the prostate, atrium, and coelomic sac. 

The prostate cells arc di.sor^ni 7 .ed, having lost their structure, and the 
secretion jiasses in a mass into the atrium. The atrial cells have also 
lost their entity, being replaced by the secretion. X 390, 

Figs. 8 A 9. Transverse s{K:tious in the spermathecal region. The ccelomic cavity 
in the 6 th segment is divided by a partition wall into a central chamber 
and a peripheral portion. In fig. B one spermatlicca is opening to the 
exterior. X 96. 

Fig. 10 . A part of section in fig. 8 highly magnified. The partition wall consists 
of a circular In^er ot muscles in the middle with a layer of parenchy- 
matous cells on cither side. X 640. 

Fig. 11. Terminal portion of the body. The part just in front of the anus shows 
no signs of formation of new segments. X 97. 

Fig. 12 . Ciliate astoma parasites. 

Fig. 13. Ventral view of a part of the body in A. stephensoni showing spermathecal 
openings in the 9 th and shallow spermi(lncal chamku’ with penial set» 
and openings of atrial ducts in the 10th segment, X ca. 96. 
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45. A (Contribution to the Anatomy of a Hammerhead Shark 
{Zygmna malleus Shaw). By J. H. Lloyd, M.Sc. 
(Birin.), F.Z.S., and Edith M. Sheppard, B.So. 
(Wales), F.Z.8., Zoological Department, University 
College, Cardiff. 

[Received April 20, 1922: Read November 21, 1022.] 

(Text-figures 1-7.) 

The specimen on which this paper is based was given to us by 
Professor W. N. Parker, of University College, Cardiff, to whom 
our best thanks are due for his generosity. The specimen was 
sent to him some years ago by the late J. J. Neale, Esq., a local 
trawler owner, but unfortunately the fishermen had eviscerated 
it immediately after it was caught. 


Text-figures I & la. 



Head iu Ventral View, 

a.c. ainpullary canals. I n.g. naaal groove. 

g,8. gill Klits. I n,m. nictitating membrane. 

n. nostril. | 

1 a. Dermal Denticle. 

In this short paper we intend to include notes on the structure 
of the skull, brain, cranial nerves, and membranous labyrinth. 
Owing to the long immersion in spirit to which the specimen had 
been subjected the preparation of the skeleton proved to be a 
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matter of some difficulty, as the connective tissue had hardened 
to an extraordinary extent and the cartilage had become exceed-- 
ingly brittle. We hope later to publish an account of the 
structure of the visceral arches, limb-girdles, vertebral column, 
and fins. 

A description of this fish appears to be desirable as, with the 
exception of the external characters, vve have not been able to 
find any consecutive account of its anatomy. 

Both Garman ( 4 ) and Day (3) have given a species definition 
and figured the entire animal, the former including it in the 
genus Cestracion under the name of Cestracion zygmna Linn. 
Gegenbaur (5) gives two figures of the head and briefly mentions 
the species in his text, but oiir obsei vations do not agree with his 
in all respects. Tiie macroscopic structure of the brain has been 
briefly described and figured by Busch ( 2 ) and Miklucho-Maclay 
( 12 ). 

Skull. 

The cranium bears at its anterior end a stout rostrum which 
consists of three bars. Two of these {cLr.) arise from the dorsal 
surface and run forward and downwards to unite with a. median 
ventral bar (v.r.). IMie latter is expanded anteriorly to form a 
small flattened plate, which is perforated by a single small 
foramen. We were unable to find any trace in our specimen of 
the rostral appendages Anhang der Rostrum figured by 
Gegenbaur (6). 

At the anterior end of the cranium is a large fonta nolle (a./.) 
extending from between the two dorsal bars of the rostrum to 
the ventral bar of the rostrum. This fontanelle, which therefore 
occupies the whole of the anterior end of the cranium, is completely 
covered by a strong sheet of fibrous connective tissue. 

When seen from the dorsal surface (text-fig. 2) the most 
prominent features of the skull are the large, lateral, wing-like 
expansions of the olfactory regions {o,c,). These expansions are 
dorso-ventrally compressed, and their distal extremities taper 
almost to a point. The orbits (o.) are situated immediately 
posterior to the distal portion of the cripsules. 

The depression into which the 2nd to 7th cranial neiwes emerge 
in a normal skull also bears the eye, and is therefore the orbit. 
In Zygmxa rnalUus the orbit is a separate structure, and we have 
therefore decided to call the depression into which the above 
mentioned cranial nerves emerge the pre-auditory depression 
(jo.a.cZ.), This has resulted in a few other changes in the nomen- 
clature of related parte, but it appears preferable to us to do this 
rather than to retain Wms which give incorrect impressions of 
the relationships of the regions to one another. 

The orhit is composed of a post-olfactory process (p.o.) which 
runs backwards and outwards from the olfactory capsule to form 
the anterior three-quarters of the circumference of the orbit on 
the dorsal surface. Tlie orbit is completed dorsally by a bar of 



tHK AlSTAltolllV O** A liAMMiiEtiEAt) SHAEk. 


m 


Cartilage, the auditory process (a,p,), which arises from theantero- 
dorsal corner of the auditory capsule. The auditory process 
broadens out distally, and the broad distal portion forms the 
posterior fourth of the orbit. The process throughout its length 
acts as a support to the posterior border of the hammer. The 
relations of this bar and the shape of the orbit are incorrectly 
figured by Gegenbaur (6). 

The olfactory capsides are dorso-rentrally flattened and project 
laterally from the front of the cianium. They do not come 
into apposition with one another in the median longitudinal line. 
Each cartilaginous capsule is completely closed except for the 
small nostril, which is situated antero-ventrally and a short 
distance from the distal end. 


Text-figure 2. 



af. anterior fontanelle. 
a p. auditory jiroecss. 
d.r, dorsal bars of rostrum, 
n,f. ner\e foramen. 

0, orbit. 


o, c. olfactory capsule. 
p.a.d, pre-auditory depression. 

p. f. posterior fontanelle. 
jf.o post-olfactory process. 
v,r, ventral bar of rostrum. 


The cranium is slightly dome shaped dorsally, and the auditory 
capsules are atttiched to it postero-laterally. Between the two 
auditory capsules, and on the dorsal surface of the cranium is a 
shallow median depression, the posterior fontanelle {pfy This 
fontanelle contains four apertures, two on each side, which will 
be referred to later in the description of the membranous 
labyrinth. 

Each auditory capsule exhibits on its dorsal surface a supra* 
auditory process (sap,) which extends upwards from the socket, 
which is found on the side of the capsule, for the articulation of 
the hyomandibular. About half an inch mesial to each supra** 
auditory process is a small foramen for the passage of a nerve. 
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Tho ventral view of the skull shows that a groove, about one 
inch in length, runs from the distal end of the olfactory capsule 
to the nostril. The end of the capsule also serves as a further 
support to the anterior of the orbit. Gegenbaur (6) has incor- 
rectly figured the extent of the cavity of the olfactory capsule 
and the position of the nostril. 

A very slender bar (a.o.) df fibrous tissue, which is perforated 
by a fine canal, runs from the auditory process to the olfactory 
capsule, and then runs along the posterior edge of the capsule. 
The structure of this bar suggests that it is a sensory canal. It 
is figured as far as it could be traced in our specimen, but we do 
not believe that it is complete. It has been figured, for about a 


Text-figure 3. 



Ventral View of vSkull. 


ethino-palatiiie groove. 
f. foramina. 
n. iiontril. 
n.g. nasal groove, 
e.c. sensory canal, 
s.o. Ist spino-occipital foramen. 


p. process on cranium for articulation 
of etlimopalatine process. 

I. olfactory nLn*ve. The dotted area 
anterior to the nerve indicates the 
extent of the olfactory sac. 


third of the length shown in our drawing, by Gegenbaur (6), and 
he has lettered it (a), but does not explain it in any way. 

The ventral side of the cmnium (text -fig. 3) is marked by a 
deep ethmopedaiine groove {ep,g,) into which fits the narrowed 
middle portion of the upper jaw. On each side of this narrowed 
portion of the jaw is an ethmopedaiine process. Each of these fits 
against a corresponding process (p.) on the cranium, one being 
situated immediately anterior to each of the two outer edges of 
the ethmopedaiine groove. The processes on the cranium are 
perforated on the mesial side by a single large foramen, which 
opens dorsally into the pre-auditory depression In addition in 
this region there are four smaller foramina on each side. 
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Another pair of large foramina, one on each side, is seen 
perforating the inferior pre-amiitory ridge (i»p*r.)f which runs 
anteriorly from the auditory capsule. 

Two small apertures (s.o.) ventral to the foramen magnum 
serve for the passage of the first spino-occipital nerve. 

The posterior view of the skull shows the apertures for the 
ninth and tenth cranial nerves in the normal position ; the 
fairly large forumen of the vagus nerve (x) at the sides of 
the occipital processes, and the small foramen for the glosso* 
pharyngeal nerve (ix) at the postero-lateral comer of the auditory 
capsiile. 

The posterior portion of the skull seen in lateral view (text- 
fig. 4) shows a number of foramina. The most posterior of these 
is that of the vagus nerve (x), and slightly antei ior to this is the 
fomrnen of the glossopharyngeal neiwe (ix). 


Text-figure 4. 



Lateral View of Poeterior portion of Cranium. 


a.8, articular facet for byoinandibular 
cartilaRO. 

h.v, paHeag^e for blood-veeaol. 

h, a. pafisago for hyoidean artery. 

i. e. intcrurbital canal. 

i,p,r. inferior pro-auditory ridge. 


p, articulating process on ventral side 
of cranium. Seeker inserted to 
show large foramen. 
sa,p. supra-auditory process. 

8,p.r. superior pre-auditory ridge. 

The posterior seeker marks the 
foramen perforating the inferior 
pre-auditory ridge. 

II-X. Cranial nerves. 


The pre-auditory depression exhibits the following apertures :— 
the largest, which is situated near the posterior of the depression, 
is the foramen of the fifth, sixth, and seventh cranial nerves 
(v, VI, VII), excepting the ophthalmic branches of the fifth and 
seventh nerves. Ventral to this are three small apertures, the 
anterior of which serves for the passage of the hyoidean artery 
(A.a.). The posterior of the three is the interorbital canal 
The third aperture, which is situated between and slightly 
dorsal to the others, is the foramen of the thiid cranial nerve (m). 

The large optic foramen (ii)is situated immediately anterior to 
the foramen of the chief branches of the fifth and seventh and 
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the sixth nerves, and the single foramen of the ophthalmic 
branches of the fifth and seventh nerves (v & vii, op,) is immediately 
dorsal to it. 

In front of the ophthalmic foramen is a small aperture 
which serves for the exit of the pathetic nerve (iv), and ventral 
and slightly anterior to this is a small opening for the passage of 
a blood-vessel (^>.- 1 ?,). 

The pre-audibory depression is bounded on its dorsal and ventral 
edges by well-marked superior and inferior pre-auditary ridges* 
The inferior ridge is the better developed and runs forward 

from the auditory capsule to the olfactory capsule. The superior 
ridge (s.;3.r.) becomes less marked anteiiorly and disappears before 
reaching the olfactory capsule. 

Membranous Labyrinth. 

As has been stated above, the posterior fontanelle ©f the cranium 
contains four apertures, two on each side of the median longi- 
tudinal line. The anterior and smaller member of each pair 
serves to transmit the ductus endolymphaticus^ whilst the lai'ger 
posterior aperture leads into the perilymph cavity surrounding 
the posterior vertical canal. The posterior aperture apparently 
cori’esponds to the tympanic aperture described by ITowes (11) in 
A*ata, and also mentioned by Goodey (8) as occurring in Chlaniy- 
doselachm anguineus* 

Unfortunately the superficial portion of the ductus endolym- 
phaticus was destroyed during the preparation of the skull, and 
we are therefore unable to give any account of its course outside the 
cranium. Judging, however, from the shallowness of the posterior 
fontanelle, and the fact that the skin was closely attached to the 
cranium in this region, it most probably runs straight to the 
dorsal surface of the head. 

The membranous lah/rinth (text-figs. 5 6) of the right side 

of the head has been dissected out, by removing the surrounding 
cartilage, and serves as the basis of the following description. 

In this account we have adopted the nomenclature used by 
Stewart (18) in preference to that used by Betzius (14). 

The ductus endolymphaticus (dx.) runs downwards and bifur- 
cates at its lower end ; a main branch going to the sacculus (s.) 
and a smaller branch opening into the recessus utrimli (r*u*)* 
Our observations on this point do not agree with those of Ayers 
(1), who states : — ** I have not seen the bifurcate endolymphatic 
duct, described by Hasse for the species which he studied, but the 
two endolymphatic tubes observed by E. H. Weber I have found 
beautifully developed in Sphp''na zygcena, and there is not the 
slightest doubt as to their occurrence.^’ 

We have been unable to trace Hasse’s statement in his paper ( 8 ) 
or to ascertain what species he studied. There is, however, no 
doubt whatever that the endolymphatic duct does bifurcate at its 
lower end. The second duct present is not an endolymphatic 
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duct but leads into the posterior perilymph cavity. This obser- 
vation agrees with that of Qoodey (6) on the posterior duct in 
ChlamydoselachuB anguineus. 

The Utricvlua^ as in nearly all Elasmobranchs, is divided into 
two portions, anterior and posterior, which do not communicate 
directly with one another, but indirectly through the sacculus. 

The anterior utricle (w.a.) is circular in transverse section and 
gives off the anterior canal (c,a.) at its dorsal end. The canal 
runs forward and slightly outward, and expands at its lower end 
into the anterior empuUa (a.a,). The anterior utricle and the 
anterior canal together form an oval. 

The anterior utricle also gives off posteriorly, at about the 
middle of its length, the external canal (c.c.), which runs at first 
downward and outward, and secondly horizontally. At its 
anterior end it expands into the external amvpuUa \a,e.\ which 
communicates again with the anterior utricle through a short 
canal running dot*sal to the recessus utriculi, but having no direct 
connection with it. 

On the ventral side of the anterior utricle is a sac, the recesme 
utriculi (r.w.\ which is somewhat flattened from side to side, and 
almost triangular in lateral view. It communicates with the 
anterior utricle through a small aperture, whilst another small 
aperture, situated near the opening into the utricle, opens into the 
sacculus. 

The posterior utricle (u,p.) is the portion of the labyrinth 
situated nearest to the median longitudinal line of the cranium. 
It has direct commuriicration with the sacculus through a short 
duct, the ductus utriculo saccularis j^osterior (dM.8,p,). The dorsal 
end of the posterior utricle gives off the posterior canal (c.p,), 
which runs downward and outward and after expanding into the 
posterior ampulla (a.p.) opens into the ventral end of the utricle. 

The sacculus («.) and lagena (I,) are laterally compressed ; the 
latter being given off as a simple pouch at the infero-posterior 
end of the sacculus. The outer face of the sacculus and lagena is 
directed outward at an angle to the median plane. 

Nerve Supply. 

The membi’anous labyrinth is supplied by branches of the 
eighth cranial nerve. 

The main nerve gives off a branch which runs beneath the 
recessus utriculi and then bends upward. It then bifurcates to 
form the ramulus ampulla anterior (r.a.a.) and the ramulm 
ampulla extemus (r.a.a.). A longer and finer bi'anch, the ramulus 
ampulla posterior (r.a.p.), comes off from the main nerve and runs 
on the inner side of the sacculus to the posterior ampulla, giving 
off tiny ramuli to the sacculus and lagena &n route. We were 
unable to trace the ramulm ulriculi in our specimen, and it is 
probably very small. 

The membranous labyrinth resembles in many respects that of 
Cestracion philippi. 
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Hijfht Membranous Labyrinth. (Outer view.) 



Right Membranous Labyrinth. (Inner view.) 
a.a. ampullu anterior. 1. lagena. 

a,o. ampulla exterims. pd. iierilyinph duct. 

a.p, ampulla posterior. r,a,a. vamuhiH ampulla anterior. 

c. a. canaliH anterior, r.a*e. ramiilus ampulla externus. 

e,e, canalis externus. T»cip. rarauliis ampulla posterior. 

e.p. caualis posterior. r.«. recessus utriculi. 

d. e, ductus endolymphaticus. «.a. utriculus anterior. 

d.u.sp. ductus utriculo saccularis utriculus postenor. 

posterior. VIIl. 8th cranial nerve. 
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Braxk and Gbanul Nerves. 

Busch (2) and Miklucho-Maclay (12) have briefly, and on the 
whole accurately, described and figured the macroscopic structure 
of the brain. Owing to the j^or condition of our specimen we 
are not able to add much to their account, but there are a few 
points on which our observations do not agree with theirs. 

The brain is antero-posteriorly shortened and, in dorsal view, 
only a portion of the olfactory lobes {o»L\ the prosencephalon ( 
the much convoluted cereheVmn (c.), the restiform bodies and 
the short medulla oblongata (m,) are visible (text-fig. 7). The 
diencephalon and optic lobes are completely covered by the 
cerebellum. 

The prosei^ephalon is single and shows no trace of a median 
fissure. 

The large paired olfactory lobes are situated ventral to the 
prosencephalon ; only their anterior ends being visible in dorsal 
view. 

Owing to the intimate relation of the olffictory lobes and the 
prosencephalon Busch (2) has named them the “ lobes communes,” 
and a section through the forebrain appears to justify this name. 
On the other hand, in his diagram he shows the prosencephalon 
as a paired structure and the olfactory lobes as impaired. This 
is opposed to our observations. 

'J'he cerebellum is roughly triangular in shape, the ba^je of the 
triangle being closely apposed to the posterior of the prosen- 
cephalon, and its apex posterior. It is primarily divided into 
three segments ; two of these being anterior, right and left, and 
the third running obliquely backward from the right. The left 
anterior segment is approximately equal in size to the posterior 
segment, but the right anterior segment is considerably smaller. 
All three segments are further divided into smaller segments, 
which in turn are sulcated. 

Ventral to the posterior end of the cerebellum are two small 
oval lobes called by Miklucho-Moclay (12) the lobi trigemini {I t,). 

The restiform bodies (r.b,) are well developed and occupy their 
normal position. The medulla oblongata (m.) is very short, and 
the fourth ventricle is correspondingly reduced. 

In ventral view the olfactory lobes completely cover the 
prosencephalon. The optic chiasma lies immediately posterior to 
the olfactory lobes. 

The infundibulum is well developed, and the saccus vascvdosus 
shows on each side. Portions of the optic lobes are also visible in 
this view. 

An examination of a median longitudinal section confirms 
Mikluclio-Maclay's observation that a wedge-shaped portion of the 
cerebellum projects into the ventricle of the “ Zwischenhirn.” 

The following Notes on the cranial nerves were made chiefly 
during the preparation of the skull, and are consequently far from 
complete. 

The olfactoi*y nerve is large and is given oflf laterally from the 
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olfactory lobe. It runs attached to the posterior border of the 
laterally elongated olfactory sac, which is placed in the laterally 
expanded olfactory capsule. The portion of the nerve adherent 
to the sac is called the olfactory bulb by Busch (2), whose figure 
shows it expanded rather more than is the case in our specimen, 
To verify Busch’s statement we have sectioned a portion of the 
nerve taken from the region of the sac, but we have failed to find 
any trace of nerve cells. This, however, may l)e accounted for 
by the fact that our material was not in the best state of pre- 
servation. 


Text-figure 7. 



c. cerebellum. 
fh, prosoncepbaloii. 

l. t. lobi ti'ig:einini. 

m. medulla oblougata. 


Dorsal View of Brain. 

o.l. olfactory lobes. 
rJb. restiform bodies, 
V. 4>th voiitriclu. 

I, III, V. crauinl nerves. 


The optic nerve runs on the ventral side of the hammer just 
anterior to the auditor}- pi’ocess. 

The oculomotor nerve runs for the greater portion of its length 
posterior to the optic, but crosses it ventrally about an inch from 
the orbit and is distributed to the inferior oblique, anterior 
rectus, and inferior rectus muscles. A distinct bmnch of the 
nerve runs parallel to the main bmnch and supplies the superior 
rectus muscle. 

The pathetic nerve runs antero-doi-sal to the optic and supplies 
the superior oblique muscle. 

The ophthalmic branches of the fifth and seventh nerves run 
directly to the anterior end of the dorsal surface of the snout. 
The fifth, in addition, sends oflf a lateral branch to a patch of 
ampullary canals just mesial of the orbits. 

The mandihidar and maxillary branches of the trigeminal have 
the normal distribution. 

The abducens runs ventral to tlie auditory process and supplies 
the posterior rectus muscle. 
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The hyomandihular branch of the seventh nerve runs posterior 
to the mandibular branch of the fifth and gives off an external 
mandibular. 

The amlitory nerve has already been described in relation to 
the membranous labyrinth. 


Summary. 

The following are the important points dealt with in the 
paper : — 

1. The skull, except the jaws, Inis been described in detail. 

2. The membranous labyrintli has been described and figured 
for the first time. 

3. The existing accounts of the macroscopic structure of the 
brain have been revised, and notes have been included on the 
relationships of most of the cranial nerves. 


Literature. 

1. Ayers. — “ Contribution to the Morphology of the Vertebrate 

Ear.’' J. Morph, vi. 1892. 

2. Busch. — l)e Selachiorum et (lanoideorum Encephalo. 

IJerolini, 1848. 

3. J)AY.-~The Fislies of India. 1878. 

4 . Carman.— “The Plagiostoma.’* Cambridge, Mass., Mem. 

Mus. Comp. Zool. Harvard Coll. 30, 1913. 

5. Cegenbaur. — Unters. z. vergl. Anat. d. Wirbelthiere, iii. 

1872. 

6. CooDEY.- A Contribution to the Bkeleh^l Anatomy of the 

Frilled Hliark, Chlamydoselachus anyuineas Gar.” Proc, 
Zool. Soc. 1910. 

7. CooDiiKH. — A Treatise on Zoology. Pt. 9, 1st Fasc. 

Cyclostomes and Fishes. London, 1909. 

8. Hasse. — “ Bemerkungeii iiber das (ichoiorgaii der Fische.” 

Vorliandl. der Phys. Med. Gesell. in Wurzb., N. F. i. 1868. 

9. JIaswell.™ “Studies on the Elasmobranch Skeleton.” Proc. 

Linn. Soc. N. S. Wales, vol. ix., 1884. 

10. Hempiucii Ehrenberg. — Symbola' ldiysica3. Zoologica. 

Berlin, 1899. 

11. 11 OWES. — “On the presence of a Tympanum in the Genus 

//a/a.” Journ. Anat. ife Physiol, vol. xvii., 1883, 

12. Miklucho-Maclay. — Beitnige z. vergl. Neur. d, Wirbelthiere. 

1. Das Gehirn. d. Solachier. Leipzig, 1870. 

13. Parker. — “Notes on Carcharodon rondeleiiL'* Proc. Zool. 

Soc. 1887. 

14 . Ketzius. — Das Gehorogan d. Wirbelthiere. Bd. I. Stock- 

holm, 1881. 

15. Stewart. — “On the Membranous Labyidnth of Certain 

Sharks.” Journ. Linn. Soc., Zool. vol. xxix., 1906. 

Proc. Zool. Soc.— 1922, No. LXYl. 66 



P. Z. S. 1922, KIRKPATRICK & METZELAAR, PI. I. 









ON AN INSTANCE OF COUMENSALISM. 


983 


46. On an Instance of Commensalism between a Hermit 
Crab and a Folyzoon. By R. Kibkpatiuck, F.Z.S., 
and Dr. J. Metzelaar. 

[Ilecoived Augunt 4, 1922 ; Read October 24, 1922.] 

(Plates I., II *) 

General, — In the year 1906, Mr. F. P. Yermeulen, Ymuiden, 
Holland, started with a fishery expedition to the West African 
shores with the object of seeing if the “langusts” of Cape Blanco 
and its neighbourhood would be worth exploitation. The rich 
material collected by him was given to the Zoological Society, 
“ Natura Artis Magistra,” at Amsterdam. It contains many 
Hermit Crabs, the commonest of which is Peirochirua granuU- 
manus Miers. 

The younger specimens of this CrustJicean live in small shells 
of Tnrritella hrevialis, Natica fulminea^ Nassa migay Terehra 
senegalensisy Aporrhaia pes pelecaniy and Dorsanum poliinw . These 
samples come from Cape Blanco and the large Greyhound Bay 
(“ Baie dii Levrier close by, from deptlis not exceeding 
20 metres. A few specimens were also met with on the Senegal 
coast. 

Now, some of these ‘‘youngster’* home-shells show’ a thin 
incrustation of a Polyzoon, a few layers thick near the orifice 
an<l only one or two layers over the rest of the surface (PI. T. fig. 3). 

If we compare the older young and adult pagurids with the 
former, w^e notice the sidd colony has increased very much, 
resulting in a heavy turnip- or potato-like spheroidal mass, 
about 6 cm. in diameter (fig. 1), completely involving the original 
contour of the shell. At one side there is a funnel, about 2 cm. 
wide externally and filled in by the heavy claw of the Peiro- 
chlrus, A section (fig. 2) shows the gasteropod shell covered 
entirely by a dense, stony crust of the Polyzoon in numerous 
layers, amounting to 56. The shell-substanee does not appear 
tf) have been eaten away as in shells encrusted by Lepralia edax. 
The free margin of the orifice of the larger specimens is made 
up wholly of Polyzoan layers folded on themselves (fig. 2). On 
dissection, the calcareous Polyzoan mass aiipears to be homo- 
geneous, excepting that a few barnacles have been overwhelmed 
and suftbeated. The most sound colonies have a perfectly smooth 
surface of a deep violet-brown colour in spirit, and they form a 
typical feature of the fauna of the Caj>e Blanco coast. But for 
reasons not yet explained the colony may lose its power of 
resistance against destructive forces of the environment. Every- 
one knows the difference between “living** mollusc-shells, so 
eagerly wished for by conchologists, and the porous, brittle shells, 
the legal inhabitants of which have been replaced by boring 

* For explanation of the Plates, see p. 990. 
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animals. Exactly the same is the ease with our Polyzoon. The 
simple colonies from one station have all changed into microcosms 
of sessile invertebrate life. Large specimens of Lithodomus 
easily lodge in the thick, limestone like wall without touching 
their motor-pagurid. There are the big colonies of a compound 
ascidian {Distomm sp.), purple barnacles, bushy hydroids upon the 
Polyzoan wall (PI. Jl., lig, 14). Although very interesting from 
an (ecological point of view, we shall not describe these compound 
colonies as they do not show constant features, the oi'iginal 
Paguro-Polyzoan association liaving lost its exclusive character. 
Meanwhile it illustrates the fact that mobility of substratum is 
favourable to diverse forms of wissile animal life. 

By the way, we may notice one rather striking fact. Although 
the weight of its limestone house with weeded roof mnsi become 
a nuisance to the Hermit, however powerful it may be, let us 
mention one point in favour of its security. In one of the 
hydroid tufts a spawning Septa has glued several eggs. So 
this professional crab-eater remained unconscious of tiie close 
proximity of its prey, and tlie most critical sceptic must admit 
that this argument, taken from nature itself, is stronger tlian any 
a(|uarium experiment jus to the efliciencv of this pagurine mode 
of life. 

As a counterpart to this, we may add that lema.ins of Kttpa- 
gums hernhardus are often found in the stomat'hs of (Vxl from 
moderate depths in the North Sea. 

Description of the Polyzoon^ based upon 4^1 adult a, ml 3 young 
samjdes sent to tlie Natural History Museum, Jjondon. 

A glance with a good lens at once shows th(‘ Poly/oon to be a 
member (jf the great Membraniporidan group. The surface' of 
the zoarium is covered with a membrane, which can be })eeled 
off. The zomeia are arranged in straight, longitudinal rows, the 
latter every now and then bifurcating. The zoo'cia are not 
abreast transversely, but in quincunx. A five of diamonds in 
cards, with the pips uniformly enlarged till they nt'arly meet, 
would illustrate the plan. 

The zomcia (PI. J. figs. 4, 5, 6) are oval, and on an average 
0*6 mm. long and 0*3 mni. wide in tlie middle. Thf3 inai'gins of the 
zoiecia in w^el I preserved material are mapped out by dark brown 
membranous or chitinou.s lines. Busk calls attention to similar 
‘‘brown lines” in his description of Membranipora dentiadata 
Busk. 

The calcareous margin is strongly granulated, and slopes 
inwards and <lown wards to a finely serrated edge bordering the 
ov^al opesia. 

At the proximal or l)asal end of each zoieciiim and immediately 
below the opesia there are two triangular, flattened, liollow 
tubercles, separate in the young stage, but joined into a single 
rectangular block in older zocecia (figs. 4, *), (5). Tlie brown line 
separately surrounds each triangular tubercle and also each 
rectangular block. 
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The octocyst in tlie surface layer of zo<«cia is membranous. 
The operculum is ()* * * § ()G mm. long and 0*08 mm. wide, and with 
the rim thickened, especially laterally. In the older Inyers of 
ZAxecia the opesia is filled in, not by membrane, but by a thick 
punctate, calcareous plate, convex on its lower suiface, and 
further, the zocecial w*alls become thickened, so that the zoarium 
becomes hard and stony. Rosette- plates multiporal : usually 
four in each lateral wall ; two, occasionally several, in the 
distal wall. 

There are no avicnlaria and no oiceia. 

There need he no hesitation in assigning the Polyzoon to the 
genus i^onopmm (Jray^ (genotype: lacroixii Audouiii t) as 
amended by Norman J and (Jann & Basslerj?. 

But the determination of the species lias been a more difficult 
{iroblein. One high authority, to whom the riiateiial had been 
sent, identified the species as Memhnmipora teknelcha d’Orbigny. 
We were at first inclined to regnr<l the species as a variety of 
(Jonopeuni lacraixii Audouin, but finally we have come to the 
conclusion that the species is new to science. We propose to 
call it C/ONOl'ETIM COMMENSALE, sp. n. 

The distinguishing characters of the new species are : the thick 
zod'cial walls, the thick calcareous opesial plate, and the dense 
stony niultilaminate zoarium. Neither the well-known Jhitish 
hieroixil, as described by Busk and Hincks, nor the 
]\[editerran(}an form, ns described and figured by Audouin and 
Sa\ igny, havt‘ any of these characteis. If in the British form 
of C. lacroirli occasionally one layer grow\s o\er another, there 
are no calcareous opesial in fillings ; and, moreover, “the tri- 
angular hollows on each side above the aperture'’ (Hincks, Brit. 
Mar. iNd. p. 1 110) laive each an ojiening, (‘oveied by membiane, 
and do not fuse into a single rectangular block. This fusion 
docs, however, take jilace occasionally in the tyjical form, figured 
in the ‘ I )e''Cript.ion de I’Kgypte,’ pi. x. fig. 0. 'Phe new species 
differs widely from M. teknelcha d’Orldgny. AVe had the good 
fort une to fiml numerous specimens encrusting tlie alga Macro- 
cysils pyrifera from the Straits of Magellan and from Valparaiso 
and tlie coasts of the Tehuelchan region (the T. being a great 
tribe of fAitagonian Indians). The zo»ccia (fig. 12) are very 
different in shape and character, being thin walled, elongated, 
roclangnlar boxes with sharp (‘dges; and the triangular knob 
and fused rectangular structures of C. comrnensale Kirkpatrick 
ife Metzelaar are replaced by a pair of rather long, blunt 
calcareo-chitinoiis “spines.’' M Jshuelcha^ in our opinion, is little 


* (fray. List of Britidi Animals. — Part I. lladiatod Animals, pp. 108, ItO (1818). 

t It is held hy sev(‘ral iintliorities that Audouin 's Lacroixii” is a synonym of 
Millepora reticulum Liniiti. 

X Norman, Nat. Hist. East Finmark. Ann. & Mag. Nat. Hist. (7) \i. p. 580 
(1903). 

§ Canu & bassler, North American Eurly Tertiary Bryozoa. U.S. Nat. Miis 
Bull. 100, text pp. 8L 86 (1920). 
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other than a South American representative of Memhranipora 
memhranacea L. 

The study of the triangular objects in C, lacroixii Audouin 
and in the early stages of C, commensale Kirkpatrick <fe 
Metzelaar has, we think, thrown an interesting light on certain 
structures found in widely separate families an<i genera. The 
precise nature of the “ triangular hollows * in C, laa'oixii is not 
definitely known, but the view that they are diminutive zooocia, 
aborted owing to exigencies of space, appears to us a reasonable 
one. Cramped zocecia are often found among the rows and layers 
of ordinary zooecia. The openings of the inter>zooBcial triangular 
hollows of C, lacroixii have granulated margins, precisely com- 
parable with tlie edges of ordinary zotccia, and under a high 
power the whole structure is fairly similar in aspect to an 
ordinary zocecial box somewhat distorted. 

In C. commensale the triangles have a calcareous roof, and are 
bounded each by a separate brown line. Where the triangles 
are fused into one rectangular block, there is only one line round 
the block. A fundamental and — with the exception of Loxo^ 
soma — universal character of the Polyzoa is that of budding 
so as to form colonies. Limitation of space must lead to a 
struggle among the buds, with partial or complete suppression of 
some. 

It would appear tha<t in (7. lacroixii each zotecinm gives oft* 
three distal buds, the lateral ones being almost, but not wholly, 
suppressed. 

A careful examination of many species of Cheilostomes has 
convinced us that the paired spaces, knobs, tubercles, and spines 
so commonly present are all comparable with the “ triangular 
hollows ” of C. lacroixii^ and that they are modified zonecial 
budst taking on strange shapes and functions. In Memhranvpora 
memhranacea L., for instance, triangular spaces will be found at 
or near the growing edges of the zoarium ; in older cells the 

hollows (really inter-zooecial boxes) grow up into long spines 
or tubercles, as if, owing to the limited basal area, they took to 
building skyscrapers. 

In M, tehuelcha d^Orbigny (fig. 12) the same event has 
happened. Here the tops of the spines are often membranous, 
recalling the membranes over the openings of the triangles in 
C. lacroixii. That this interpretation is not a mere fancy, is 
shown by the resemblance of the early stages of the spines 
near the growing edges of colonies to the triangular areiis in 
C, lacroixii. 

In M, tuherculata Bose, so abundant on Gulf weed, the 

* Hincks, ‘ British Marine Polyzoa,* p. 130. 

t Cf, the origellaj ” of JuBieti, “ des bourgeons charnus, d^velopp^g siir Tendo- 
cyste,* ’which can reproduce zocecia, avicularia, etc. (Bull. Soc. Zool. France, xi. p. 607, 
1886). Later, “ joncturies,” which produce zooccia, are distinguished from “ origelles 
6volutives,*’ which .fonii avicularia, spines, etc. (Jullien dt Calvet, Bryozoaires 
‘ Hirondello,’ 1903, p. 18). 
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tubercles, at first separate, may join together to form single 
blocks as in C, commenaale ; a remarkable example of the former 
species is shown in fig. 11, where the blocks have developed so 
enormously as almost to obliterate the opesia. 

In descriptions, the triangular hollows, spines, tubercles, etc. 
are usually associated with the distal or oral end of the zococium, 
but they should perhaps rather be associated with the proximal 
or basfd part of a zocecium. On the triple-bud hyj)othesis it is 
certainly more rational to associate the three buds, no matter 
what their subsequent history and disguise might be ; and further, 
the knobs, spines, etc. are often clearly seated on the front of 
the basal end of a zoceciurn. Take, for example, the little knobs 
on the zomcia of Menihra/idpora aavartii Audouin, shown on the 
iMise of each cell in 8avigny’s figure (‘ Description de TEgypte,* 
Atlas, pi. X. fig. 10)*. 

Jn Thairopora armata MacGillivniy (fig. 13) the two club- 
shaped tubercles are situated one on each side of the oral orifice 
of a zou?cium, and, it must be admitted, a little imagination is 
required to realize that even here the tubercles should perhaps 
be associated with the proximal end of the following zomcium. 
One might assume that the two lateral buds had been given oft' 
at right angles to the central one, instead of at a forward* opening 
acute angle. 

'riie nvicularian cell in this species appears beautifully to 
confirm tlie theory of homology of tubercles and triangular 
boxes ; for here, in place of tubercles, and on each side of and 
above the aviciilarian opening, there is a triangular box with a 
clear space in the roof (fig. 13). 

l^ossibly the quincuncial plan of growth so common in Olieilo- 
stoine Polyzoa may be due to adaptation to limited space. 
Zooecia giving oft' three buds at the distal end would not be well 
able to grow abreast ; accordingly the buds (and their adult 
equivalents) often alternate transversely. 

The fusion of two lateral liollow knol>s into one rectangular 
hollow box ill C. coimnensale may be connected in some way with 
reproduction, for in decalcified specimens there can usually be 
seen a brown body or developing new polypide in the zocecial 
cavities adjacent to these boxes. 

Discussio'n, — On two points our description of the new species 
is open to adverse criticism. Firstly, we attribute specific value 
to zoarial characters. During an early period of the study of 
Polyzoa, zoarial characters alone were considered, most of the 
encrusting and branching calcareous Cheilostomes being relegated 
to Lep^alm and Eschara respectively. Later, zomcial characters 
became all-important, the zoarial ones being entirely put aside. 
At the present time the tendency is to take all characters into 

• There is rarely any trace of the knobs in the specimens of this species from 
tropical seas or from Japan. 
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congjideration, judging each case on its own merits. A good 
example of the specific value of zoarial characters is afforded by 
Lepralia hifurcata Waters, found in deep water off (Japii. Here 
we have a typical Lepralia^ but one that always grows in a very 
definite, peculiar, and characteristic way, viz. as a bifurcating 
colony with two little wings. No matter how closely the 
characters of the individual zomcia resemble those of some par- 
ticular encrusting Leprcdia, it w'ould be difficult to regard the 
bifurcating colony as a mere variety or variation of the en- 
crusting one. Similarly, we regar<l the dense, stony, multi- 
laminate Polyzoon from Cape Blanco as specifically distinct from 
the slender, thinly encrusting 0 , l-acroMi^ tJm modified character — 
if we may adopt the neo-Lamnrckian line of tliought — having 
perhaps resulted from ep<f cal^ e. g. mell fed> life. 

Biology, — Again, the ado[»tion of the name commensale ” 
might be considered a doubtful proceeding. Wo think the name, 
however, to lie convenient, not only from the point of view of 
easy identification, but justifiable as indicating the real relation- 
ship existing between the Polyzoon and the Crustacean. There 
is evidently no question of true symbiosis or mutiialisin senrn 
strictiore^ if we define that as legal relation between two 
different organisms,” principally, because Petrochirns gramdu 
manus can live and thrive wdthout V, comm emote , Leaving the 
young Crustacea aside, we find the adults associated with the 
sponge Snherites do77iU7icula, the compound zoantharian Coi'ticifei'a 
lutea, and the Polyzoon Lep^'alia cdax. 

But the reverse does not seem to be the case. Polyzoa growing 
on the liydroids and corals of the Vermeulen-expedition did not 
include C, commensale among them. Nor did we notice it upon 
living molluscs from the same localities. Possibly t\\e Vo]} zoow 
could survive for a time on an untenanted shell witli much 
diminished vitality, but so far there is no evidence on this point, 
although we must take into consideration that the West Afi iciin 
material has been collected by one who was not a zoologist. 

According to Prof. Calvet, any smooth surface is suitable to the 
Membranipora3, and associations of hermit-crabs and Polyzoa 
are common enough.” Even so, we never saw them before in 
such a definite non-accidental mode and sliape. The Paguro- 
Polyzoan association described hero appears to be a definite and 
not an accidental one, the Crustacean and Polyzoon being mort* to 
each other than casual messmates ; for it is certain they derive 
special advantages from each other’s presence. 

Hermit Crabs are widely distributed all over the world, and 
are notorious for their militant and aggressive nature. Ensconced 
in their shells they are veritable tankers, spreading dismay 
among their helpless victims. Every now and again, when the 
soldier has to leave his fortress, his softened body is exposed to 
danger. But frequently some other organism (Sponge, Cmlente- 
rate or, more rarely, Polyzoon) adapts itself to the shell, and 
gradually acquires certain special characters. The encrusting 
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animal forms an extra panoply, not merely thicker, but more 
extended, especially around the shell orifice, thei*eby generally 
ensuring a longer tenancy to the Orust^acean. This feature of 
extended growth is illustrated in fig. 2, where the opening of the 
fortress is seen to be formed, not of shell, but of infolded layers 
of the Polyzoon. Again, the Polyzoon obviously benefits; for 
it is in alliance with a vigorous and successful marauder, and 
although sedentary by nature, is continuall}^ being carried to new 
and ricli pastures. 

Accordingly, the large size of the new species is not surprising. 

We return now, after this economic excursion, to the pecu- 
liarity of the association described. Against critics who deny 
the non-accidental nature of it, ue draw attention to one main 
point. Setting apart those favourite Pagurine mates : Suherites 
and the epmeal Zoantharians, there remains the fact that a 
“ special ” is reserved to Conepeum comine'itsale among the 
liosts of sessile ep<ccal animals, ready to populate every available 
spot ill the tepid tropical coast- waters. In a very short lapse of 
time a typical complex is formed. This follows from the fact 
that among the man}' home-shells of adult Petr, granuliinanus 
only one was found naked, obviously inhabited only a short time 
before it was caught; intermediate gradations to full-grown 
adult coloiiu\>. aie wanting. Kow, what is the reason tliat 
among so many rivals the tiny Polyzoon regularly wins the 
battle? We liave seen that the other candidates may win the 
second rouml if the Hermit migrates to a spot unfit for its 
Polyzo!(ii comrade to liv'e in. In the struggle for life tlie 
champion is slain at last. Noir at last a fair chance is given to 
everybody ; here you liave Accident playing its part, and the 
result .... a chaotic conglouierate of sessile mai-ine life (fig. 14). 

Since the time of Darwin, Ijaw has taken the place of Acci- 
dent in biological science. 

Our case is in som<» respects comparable to the well-known 
association of Enpagurus hemhardus and Hydractinia echinata. 
In this case the Pagurid inhabits the whole “littoral” region 
up to a depth of 270 metres, but Uydraclhiia echinata is a 
coastal form wliich does not follow the adolescent Eiipagurus 
to depths exceeding those of the centre of the North Sea. 
At the lower limit of it;S occurrence the llydnxctinia is often 
replaced by Alcyonidium gelatinosum. Now, although Ihjdrac- 
tinia echinata has been found in a fe\v instances without ils 
mate Enpagurus hernhardns^ is there anybody who will sei imisly 
contest the particular I’elation between these two organisms ? 
Of. E’upag, puhtsceus,, which occur in the North Sea as a 
rule, associated with Euherites JicitSy but exceptionally with 
Zoanihus sp. 

So far as we know, the present case has not yet been described. 
It is a remarkable fact that Chevreux and Bouvier, among the 
rich material of the ‘ Melitn,’ described 17 species of Pngiuids 
(Mem. Soc. Zool. France, v. 1892), but only noticed “coquille 
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recouverte de bryozoaires ” in the case of Petrochirm granuli^^ 
mmuB, The “ bryozoaires ” have probably been Con. comwen- 
sails, but they were not examined. 

In the volume dealing with tlie results of the inquiries of the 
‘ Travailleur ’ and ‘ Talisman ^ immense numbers of Polyzoa are 
mentioned, but no reference to the present case. 

Summary and Conclusion. — The present Polyzoon from the 
Cape Blanco region is a new species, viz. Conopeum cornmensale 
Kirkpatrick 6l Metzelaar. It is most nearly related to C. lacroixii 
Audouin . 

The paired “ triangular spaces,” paired knobs, tubercles, or 
spines so commonly present in many species of Cheilostome 
Polyzoa are px*obably aborted zooDcial buds, more or less sup- 
pressed or modified owing to lack of space foi* free growth. 

The association with the Crustacean Petrochirtis granulimaims 
is a definite, not an accidental one, being a case of commensalism 
in the sense of Van Beneden. 


EXPLANATION OP THE PLATES. 

(Tho iigures to be examined tbrongli a band-lens.) 

Plate I. 

Pig. 1. Gasteropod shell inhabited by Tetrochirm granuUmanus Miers, coinplet-ely 
encrusted by the Poly/oon Conopeum cornmensale Kirkpatrick & 
laar from Cape Blanco. Nat sixe. 

2. A shell and Polyzoan crust cut in half. Nat. size. 

3. Turrltella shells inhabited by Hermit Crab, and each encrusted by young 

colony of Conopeum cornmensale : from Senegal. Nat. size. 

4. Conopeum cornmensale. X 20. 

6 & 6. The same from another specimen, showing at the first sepanite triangular 
tubercle.s and the single rectangular blocks. X 

7. An older layer of zoiecia broken into and viewed from the inferior or dorsal 

aspect, showing calcareous infillings of the opesijv. X 20. 

8. Conopeum lacroijriiy showing the two separate triangular “ spaces ” 

(boxes) at the base of each zouK;iuni. X 20. 

9. Conopeum cornmensale. Transparent vertical section, showing layers. X SJ. 

{Cf. fig. 2.) 

10. Conopeum lacroixii Audouin, showing separate triangular hollows : speci- 

men from Dovercourt, England. X 20. 

11. Membranipora tuberculata Hose, encrusting two sides of alga from Algoa 

Bay ; showing remarkable blocks at the margin of colony, also ordinary 
])aired tubercles. X 20. 

12. Membranipora tehuelcha d’Orbigny on Macroegstis pi/rifera from South 

America ; showing the two spine-like tubercles to each zoocciuni, 

18. Thairopora armata MacGillivray, showing zoeecia with paired boss-like 
tubercles and an avicularian cell with triangular hollow boxes above 
mandible. X 20. 

N.B. — There is an avicularium with sharply-defined triangular 
mandible about 8 mm. above the middle of the lower border of the 
picture. The mandible and the triangular boxes above it have a frog’s- 
face-like aspect. In the ordiiiaiy zomcia the pairs of white hoss-like 
tubercles replace the triangular ** hollows ” or boxes. A lens is necessary. 

Plate II. 

Pig. 14. Bulbous specimen secondarily overgrown with hydroid, etc. 
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47. Now Species of Trinidad Moths. By W. J.Kaye, F.E.S.* 

f Received July SO, 1022 : Read November 7, 1922.] 

(Plate I.t) 

The moths here described and figured were all (except one, 
Centronia ploratoryQBM^\t by myself) taken by Sir Norman Lament 
in the south of the island of Trinidad. Most likely, all the species 
will some day also be found on the mainland in either Venezuela 
or Guiana, as, except for numerous locfil races, one would not 
expect distinct island species such as are found in Oceanic 
islands, Trinidad being essentially a recently detached portion of 
Venezuela. Doubtless, there are numbers of species still unknown 
and imdescribed, and very much work remains to be done before 
we can even approximately guess the number of genera and 
species that exist. 


Family H y p s i n 

Centronia plorator, sp. n. (PI. I. fig. 3.) 

2 . 13ase of eyes and base of palpi orange. Antennee filiform. 
Abdomen black with the segments below linged with white. 
Fore wing black with a postme<iian curved white band com- 
mencing very narrow on the costa but rapidly widening to about 
3 mm. wide as far as vein 4, where it rapidly contracts and 
becomes suffused with black to extreme angle of wings. Veins 
showing grey on inner side of white band. Hind wing dark 
bluish black with a narrow whitish marginal band, suffused with 
black as far as vein 5, where it .suddenly ceases. Below, the 
white band of l>oth fore and hind wing completely white without 
any suffusion. Exp. 44 mm. 

Habitat, Trinidad, Siparia, 18. xi, 20 (W, J, Kaye), In Ooll. 
B.M. 


Family NoTonoNTiDiE. 

Dicentria nonuescripta, sp. n. (PI. I. fig. 9.) 

Head brown with a fan -shaped tuft of raised hair behind 
antenuaB. Fore wing dark chocolate-brown with greenish -yellow 
shades, especially on costa beyond middle. Discoidal spot not 
conspicuous, of the same ground-colour as wing and edged on 
both inner and outer edges with greenish yellow. An indistinct 
slender pale line consisting of lunules beyond middle. Sub- 
terminal line also of pale lunules. A very ill-defined double 
submedian line, becoming lost in the ground-colour soon after 
leaving the cell. Hind wing pearly transparent with the apex 

^ Commimicated by Qcr A. K. MABsnALii, C,M.G., D.Sc., F.Z.S. 
t For explanation of the Plate, tee p. 998. 
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darker. Inner margin also dark and a pale but distinct mark 
just below aiiJil angle. Fore wing below shining blackish. Hind 
wing below shining whitish with a small dark mark in the 
middle of costa. Exp. 54 mm 

Habitat, Trinidad, Palmiste, 25. xii. 20 (iY. Lament), 

Boriza kalodonta, sp. n. (PI. T. fig. 13.) 

Pore wing greenish grey mixed with slaty purplish. A con- 
spicuous, elliptical, pale tawny spot between veins 2 and 4 near 
margin. Basal area to end or beyond cell slaty grey with three 
parallel wavy lines. A short, slender, black dash. Inner margin 
pale greenish. Outer margin broadly paler than rest of wing, 
with the veins showing through conspicuously. A small black 
dot between veins 3, 4, and another between veins 6, 7. Hind 
wing white with the costa narrowly dark brovrn, divided at 
middle with white. Thorax olive-brown. Fore wing below 
white with the veins 5, G, and 7 heavily smoky. Costa imme- 
diately above pale tawny. Hind wing below pure white. Exp. 
40 mm. 

Habitat, Trinidad, Palmiste, 30. x. 1 1 {N, Lamont), 

Phasi’ia maricolob, sp. n. (PI. I. fig. 12.) 

Fore wing pale sea-green. Disco idal spot pm’ 2 >lish white. 
Subterminal series of large irregular spots, purple on the inside 
and white exteriorly. A short purplish basal streak. Beyond 
this is a faint ill-dofined band, becoming very broad on inner 
margin, of a darker shade of green to the grouml-colour. Beyond 
discoidal spot is also a poorly-defined narrow band. Thorax of 
same ground-colour as fore wing, Hind wing very pale grey, 
darker towards the outer margin. Under surface of both fore 
and hind wing yellowish white, tlie whole of the fore wing except 
the narrow inner margin dusted with blackish. Fore legs with 
the first joint of the tarsus clothed witli yellowish-green hair. 
Exp. 42 mm. 

Habitat, Trinidad (A. Lamont), 

Rifargia brunnipennis. (PI. I. fig. 11.) 

Fore wing dark burnt-umber with a purplish shade, with the 
basal half the darkest. A short dark basal streak. Costa near 
apex and inner margin except at base tawny. A conspicuous, 
little, white, wedge-shaped mark between veins 2, 3 close to 
margin. Veins 4, 5, and 6 edged with tawny. Hind wing 
brownish grey, darker towai*ds outer margin and darkest at anal 
angle. A very inconspicuous postdiscal line, becoming duplicated 
on vein 3 to inner margin. Fore wing below dull blackish. 
Hind wing below as above. Cilia black at termination of veins. 
Thorax tiiwny. Abdomen rather darker. Exp. 46 mm. 

Habitat, Trinidad, Palmiste, 25. xii. 20 (A. Lamont), 
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Family Noctuid^e. 

Subfamily EaASTRiANiE. 

Bryolimnia monodonta, sp. n. (PI. I. fig. 20.) 

Third joint of palpi, frons, and base of antennaj white. Thorax 
light brown with a pair of white tufts behini. Fore wing with 
the base chocolate-coloured, followed by a broad pure white band 
deeply toothed on outer edge and with a small chocolate spot on 
costa. Postiliscal area chocolate, lighter towards inner margin 
and darkening towards costa. Cilia white, with a square dark 
spot about middle and with the tornus chocolate. Hind wing 
smoky greyish blnck, the apical area much the darkest. I)ig- 
eoidal spot indistinct, blackish. Abdomen greyish black. Exp. 
20 mm. 

Ilahitai, Trinidad, Siparia, 16. vi. 18 (A. Lamont). 

Bryucodia cryptogramma, sp. n. (PI. I. fig. 19.) 

Palpi with the first joint brown, the second and third whitish 
with dark brown marks. Fore wdng dull olive greenish wdth 
junk and brown markings. A dark mark at base and a heavy 
brown basal line, A median fascia most prominent at costa and 
much broken at and beyond middle. A postmedian, thin, miich- 
(‘urved line, most prominent on veins 1, 2 and 4, 5, A dark 
curved apical fascia and a dark brown spot at tornus. Hind 
wing coloured as fore wing, with double submedian brown lines 
and a (le(*j»ly curved jmstmedian single line. Undemde of fore 
wing below cream-coloured with dark median and j^ostmedian 
lines ; a broad outer marginal fascia dark brown. Hind wing 
below coloured as fore wing, except that in the region of the 
anal angle the dark brown fascia is broken up with tlie pale 
ground-colour. Exp. 28 mm. 

llahiiat, Trinidad : Caparo, Oct. 1904 {Birch ) ; Palmiste, 
27. xi. If) (A. Lamoni), 

Parangitia nigrofulgens, sp. n, (PI. 1. fig. 5.) 

Palpi, collar, and j)atagia yellowish brown. Abdomen fawn- 
coloured. Fore wing dark shining coppery black. A double 
indistinct waved black line clase to base. Apex lighter than 
rest of wdng and followed by indistinct double black lines, 
A curiously placed black angular mark on vein 2 close to 
edge of cell. Hind witig black with tlm whole of the large inner 
area dark cupreous grey. Fore wing below dull black with the 
inner marginal area paler. Underside of hind w ing rather dark 
slaty grey with a darker marginal band. Exp. 24 mm. 

Uahiiai, Trinidad (A. Lamoni), 
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Parangitia micapbnnis, sp. n. (PI. I. fig. 2.) 

Fore wing shining brownish olive. A large apical area, ex- 
tending along costa to above end of cell and to torn us, paler with 
several short dark dashes. Discal spot uniform jmle with a short 
black dash at its lower extremity externally. Opposite and close 
to outer margin a small black spot. Above these marks in 
certain lights are to be seen three short, parallel, brown dashes. 
Two short wavy lines above one another emanating from the 
outer margin. Hind wing blackish brown with a broad dark 
marginal band and a small yellow elongated mark at anal angle. 
Thorax with long raised scales. Abdomen with a raised tuft on 
third segment. Exp. 30 mm. 

Habitat. Trinidad {N. Lamont). 

Subfamily Noctuinje. 

Sanys implacata, sp. n. (PI. I. fig. 17.) 

Head, thorax, and abdomen pale brownish white. Fore wing 
narrow with the apex and inner margin rounded, pale brownish, 
darkest on the costa. A small blackish dot at origin of vein 2. 
A straight brown line across basal area and a slightly oblique 
postmedian line. A wavy double submarginal line greatly angled 
near tornus and a series of dark dots on margin. Hind wing 
similarly coloured to fore wing. A well-marked straight line 
across centre of wing, stopping at vein 6. A wavy, partly 
double, subterminal line much broken from vein 5 to apex. 
Exp. 30 mm. 

Habitat. Trinidad {N. Lammii). 

Plusiodonta cupristrxa, sp. n. (PI, I. fig, 16.) 

Fore wing dark purplish. A large burnished-copper patch at 
tornus and a central stria of same colour from the cell to the 
“ tooth ” of the inner margin. A pale oblique streak from apex 
to vein 2. At apex the streak is refiexed to costa. Thorax 
purplish. Two short subcostal streaks before apical streak. A 
small shade of copper-colour in middle of outer margin. Hind 
wing white with a broad dark margin, shading off internally with 
the white ground-colour. Underside of fore wing diirk brown 
with the costa narrowly pinkish ochreous. Hind wing below 
white with only a small dark area at apex. Exp. 40 mm. 

Habitat. Trinidad, Palmiste, 8. i. 21 (N. Lamont). 

Subfamily DELTOiDiNiE, 

Epitomiptera purpdrasoens, sp. n. (PL I. figs. 4, 23.) 

Fore wing purplish with a broad, somewhat darker, central 
fascia, greenish on inner side from inner margin for half the 
length of wing. A slender wavy pencil-line within the fascia a 
little beyond middle. Outer edge of fascia very sinuous and 
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a slight greenish flush near tornus. Extreme apex with a short 
dark mark followed by a dark greenish-purple patch. Close to 
base a small dark dot. Hind wing purplish brown with a central 
dot followed by a dark indistinct line. Hind wing beneath much 
paler, and, in addition to the dot and dark line, there is a broad 
marginal fascia enclosing a pale wing-line. Exp. 28 mm. 

Habitat, Trinidad. 

Epitomiptera marmorata, sp. n. (PI, I. fig. 6.) 

Fore wing various shades of pale brown with white lines. 
Extreme base pale followed by light brown fascia edged exteriorly 
with a sharply-defined white line sharply angled near inner 
margin. Central broad fascia darker than basfil band, but also 
edged with a white line which is broken and very incomplete 
in central area but well-defined near costa and inner margin. 
Apex much mottled with white and brown followed by a wavy 
short white line. Hind wing pale light brown with a dark 
central oblhpie shade, followed by a short much-angled white 
mark, followed again by a slender white wavy line. Exp. 25 mm. 

Habitat, Trinidad, Guaico, 18. iv. 15 (A^. Lamont), 

Hypena brodescens, sp. n. (PI. I. fig. 8.) 

Head, thorax, patagia, and metathorax very dark brown. 
Abdomen blackish brown with darker doiml tufts of hair on the 
first four segments. Ifore wing olivaceous dark brown with an 
oblkpie basal whitish line ; a median broader straight white line. 
A postmedian series of yellowish spots on the veins and a very 
fine suliterminal pale /lotted line. Hind wing dull blackish with 
a pale bluish submargiiial line most distinct between veins 1 and li. 
Exp. .*!() mm. 

Habitat, Trinidad; Caparo, Nov. 1904 {F, Birch); Palmiste, 
14. V. 21 (xY. Law.oni) (type), 20. xii. 21 (N, Lament), 

Family LiMAcoDiDiE. 

Htsyrosea guaioa, sp. n. (PI. 1. fig. 15.) 

Head and collar light brick-red. Thorax fawn-coloured; 
abdomen faw^n -colon red with a reddish dorsal shade. Fore wing 
pale pinkish bufl;'. A small black spot at the base of the cell and 
another black spot close to outer margin lying on vein 4. Cilia 
shining buft-colour. Hind wing buff, the cilia of the siime 
colour. Underside of fore wing bufif, with some darker shading 
towards casta. Underside of hind wing buff. Exp. 34 mm. 

Habitat, Trinidad, Guaico, 18. ix. 15 (A^ Lament), 

Family Lasioo ampid.®. 

Hydrias albiochrea, sp. n. (PI, 1. fig. 14.) 

Head and thorax grey with some ochreous hairs. Fore wing 
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rather pale brown with scattered grey scaling. At base a short 
black streak above which is an irregularly-shaped greyish patch. 
This on cosfca is followed by two short curved lines. Some very 
indistinct, slender, wavy lines across the discal area, with the 
veins showing darker. Hind wing with the costal third greyish 
white with two or three indications of transverse lines. Basal 
two-thirds of wing tawny, pale at outer margin. Abdomen 
tawny, with some black scaling on the three basal segments. 
Exp. 42 mm. 

Habitats Trinidad, Port of Spain, 27.i.21 (A. Lamont)» 

Family Ur ani ad.e. 

Syngria delicata, sp. n. (PI. I. fig. 7.) 

Collar whitish. Thorax and abdomen pinkish fawn-colour, 
irrorated with minute black dots. Fore wing pinkish fawn- 
colour. Discoidal spot small, black, lunar- shaped, externally 
edged with pale cream-colour. A submedian, very indistinct, 
orange line running very obliquely. A very distinct postmedian 
ochreous line, palish-edged internally, also very oblique and 
sharply angled just below vein 6. Margin sharply defined 
ochreous, edged with pale colour interjially. Hind wing pinkish 
fawn with fine irroration of black <lots. Very indistinct aub- 
and post-median ochreous lines. Margins as in fore wing. Fore 
and hind wing below without markings, except the fine black 
dusting, which is less tlian on upper side. Exp. 36 mm. 

Habitat, Trinidad, Palmiste, June 1915 (A, Lamont), 

Family Pyralid.®, 

Subfamily Pococerinas (=: Epipaschianoi), 

POOOCERA BRUNNAPEX, Sp. n. (PI. I. fig. 1.) 

Head and thorax reddish brown. Abdomen pale brown. 
Fore wing with basal third pinkish brown with some .short 
darker longitudinal lines terminated by a somewhat sinuous 
silvery-grey line. Discal area of wing silvery grey, containing a 
much waved slender line in middle. A (larker shade before 
outer margin and a dark reddish-brown apex with the veins 
showing through, heavily scaled with blackish brown. Hind 
wing pearly transparent with the apex blackish. Fore wing 
below with a dark red costa, and the remainder of the wing 
blackish. Hind wing below also with costa dark red, but other- 
wise as above. Exp. 38 mm. 

Habitat, Trinidad, Guaico, 18. ix. 15 (A. Lamont). 

Subfamily AGROTERlNiE (= Pyraustince), 

Samea oelicata, sp. n. (PI, L fig. 22.) 

Head pale straw-coloured. Patagia with dark brown spots on 
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fi:x)utal edge. Fore wing pftle straw-coloured with two dark 
Spots on costa close to base and some farther minute points as 
far as end of cell. A submediaq, a median^ ^ postmedian 
slender line. Beyond the last is a dark marginal band. Dis- 
coidal spot formed of a double ling, the one above the other^ 
Hind wing pale straw-colour with three transverse lines, the 
inner one straight but oblique. The middle line greatly angu- 
lated in middle, and the last line greatly angulated beyond 
middle. A veiy fine dark subtenninal line. Exp. 16 mm. 

Habitat, Trinidad {JSF, Lamont), 

PlIOSTiUA DUPLICATA, 8p. n. (PI. I. fig, 21.) 

Head and thorax dull ochreous brown. Pore wing ochreous 
brown. Basal line curved dark brown. Discoidal spot linear 
dark brown. Postmedian line heavy dark brown, greatly set- 
back between veins 2 and 3. Fine dark points at extremities of 
veins, and colour of wing beyond postmedian line darker some- 
what than remainder. Hind wing darker than fore wing and 
blacker. A small dark spot within the cell and a curved median 
dark line, broken and waved between veins 2 and 3. Abdomen 
with the segments edged with white. Fore wing below buff with 
black discoidal spot and dotted postmedian line. Hind wing 
below bufl* with point in cell and faint indication of median line. 
Exp. 26 mm. 

Habitat, Trinidad {N. Lamont), 


Family Z y 6 n 1 1> iS. 

Genus Lahontia, 

Head small ; antennae long, slender, bipeciinated. Abdomen 
small and rather slender. Fore wing long and narrow; veins 
4, 5 very close together at origin; veins 8 and 9 stalked with 10, 
vein 11 weak, 12 strong. Hind wing with veins 4, 5 from same 
origin ; vein 7 from a long way from 6. Outer margin of wing 
rounded. Vein 8 approaching very close to 7 and connected with 
the usual short bar. 

LAMOjrriA caubana, sp. n. (PI. I. fig. 18.) 

Head, coxsB, pectus, and abdomen metallic greenish. An- 
tennas black, bipeciinated to the tip. Collar and patagia with 
some pale mauve scales. Fore wing long and narrow, black 
at base and along the veins and costa, gradually becoming 
transparent (fugitive scaling) outwardly. Hind wing black, 
completely scaled, short, and much rounded. Exp. 30 mm. 

Habitat, Trinidad, Bock, 1. i. 18 {H Lamont), ^In Coll. 
Lamont, 

Paoc. ZooL. Soc.— -1922, No. LXVIt. 
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EXPLANATION OP THE PLATE. 


Pig. 1. Pocoeera hruitnapta:^ 8p. ii. 

2. Parangitia micapenniSt sp. n. 

3. Centronia plorator^ sp. ii. 

4. JEpitomiptera purpuraacens^ var. 

6. Parangitia nigrofulgena, sp. n. 

6. JSpitomiptera marmorata, sp. ii. 

7. Sgngria delicatat sp. n. 

8. JSgpena hrodeteens, sp. ». 

9. Dioentria lumdeaeriptay sp. n. 

10. JUieentria hlageai Dnice. 

11. Pifargia hrunnipennis, sp. ii. 

12. Phaatia maricolor, sp. n. 

18. Boriza halodonta^ sp. u. 

14. Hydriote alhiochraa ^ 

16. Sisyroaaa guaica^ sp. ii. 

16. Pluaiodonta cupriatria, sp. n. 

17. Sanya implicatat sp. ii. 

18. Lamontia caUbana^ sp. n. 

19. Bryocodia cryptogramma^ sp. n. 

20. Bryolitnnta nion^onta, sp. n. 

21. Phoatria duplicatat sp. n. 

22. Samea dflicata, sp. ii. 

23. Bpitomiptera purpuraacena, sp. ii. 
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48. The Nematode Genus Phymloptera Rud.* By R. J. 
OuTLKPP, M.A., Research Assistant, Dept, of Helmin- 
thology, London School of Tropical Medicine; Hon. 
Parasitologist to the Society 1921-1922. 
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Introduction. 

Uiidolphi (1H19), wlien establisliing the genus PJnjsaloptei'ci 
expressed some doubt as to its validity. He gives tite following 
as its generic diagnosis: — ‘‘Corpus teres elasticuni utrinque 
attentiiatuni. Os orbiculare. Cauda maris deflexa utrinque alata, 
vesicam infemm sisten.s. Penis tubeixjulo emissiis.” Diijardiii 
(1845), after quoting lludol phi’s doubt, suppressed the genus and 
transferred the species to the genus Spiroptera, Diesing (18.51) 
re-eshablislied the genus, and defined it in such a way that it 
could not he confused with any other genus of Neniatodes. He 
added two more species, one of which — Ph, mneronata — was 
fo\ind to he an Ascarid by Molin. 

Leidy (1850) gave a short and incomplete description of four 
more species, two of whicli — /%. constricia and Ph, contorta - 
can be definitely ruled out from the genus, as they probably 
belong to the family Gnathostomidm as redefined by Baylis and 
Lane (1920). 

Up to the appearance of Molin’s monograph on the genus in 
1860, 18 species had been described as belonging to it, namely 
9 by Rudolph], 2 by Crejdin, 4 by Leidy, 2 by Diesing, and 1 by 
Hemprich and Ehrenberg. Of these, 5 are not members of tlie 
genus and 1 is doubtful. 

• Communiented by Prof. R. T. Leipse, F.Z,S. 

67 ^ 
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Molin’s monograph contains the descriptions of 22 species, of 
which 9 are new and 4 — Ph, colubri (Rnd., 1918), Dies., 1851, 
Ph, Imhata Leidy, 1856, Ph, abjecta Leidy, 1856, and Ph. spirula 
Hempr. & Eiiren., 1828 — are listed under Species Inquirendae. 
In his introtiuction to this work lie eliminates the four species 
Ph» strongylina Rud,, Ph, mucroiiata Dies., Ph, saghiata Rud., 
and Ph, teaiiicollis Rud. from the genus, stating that Ph, rnu- 
CTOuaia and Ph, tenuicolUa are Ascarids, Ph, saginata a 
Spiroptera, and tliat Ph, strongylina belongs to a new genus. He 
places Ph, megalostoma Crep., 1829, as a synonym of Ph, alata 
Rud. 

Schneider, in his ‘ Monogi'aphie der Kematoden’ (1866), de- 
scribes 9 species of Physaloptera, of which 4 are new, namely 
Ph, digitata^ Ph, subalata, Ph, truncata^ and Ph. spimlis. Prior 
to his publication, and after the appeanuice of Molin’s monograph, 
the only other new Physaloptera described is Ph, viuris-braatlu 
ensia Diesing, 1861, from Mus hraailiensis. 

In 1888, von Drascho amplified Molin’s monograph by pub- 
lishing a revision of the Molin and Diesing ty))es depositeil in 
the Yienna Museum; his work is of considerable value, as he 
paid special attention to the stiuctnre of the lips and caudal 
extremity of the males, and also gave figures of them all. He 
confirmed Molin’s diagnosis that Ph. 7ni(cronata Jhes., 1851, is 
an Ascarid. 

Yon Linstow, in his ‘Compendium der Helminthologie’ 
(1878) and in his “ Nachtrag ” (1889) to this work, records 40 
species — 31 in the first work and 9 additional ones in the latter. 

The next landmark was the appearance of Stossich’s monograph 
on the ^enus in 1889. He here gave the description of 37 species, 
26 of which he considered valid, and the re.st he listed niuhr 
Species Jnquirendje. Those species referred to in tliis work and 
not in Molin’s are as follows: — 1 species — /7i. torguata, of 
Leidy, 1886; 5 species of von Linstow — J^h, craaaa., 1879, Ph, 
dentata, 1883, Ph, rnalleua, 1883, Ph, striata^ 1883, and Ph, pyra- 
7nidaliSj 1879; 4 sjiecies — Ph, digitaia, Ph. spiraiia, Ph, subalata, 
and Ph, truncata, described by Hcbiieider in 1886 ; and 1 species 
of Diesing — Ph, muria-braalllenaia, 1861 . Of Stossicli's 37 species, 
11 are recorded from reiitiles, 11 from birds, and 15 from 
mammals. 

In 1911, Gedoelst published bis ‘Synopsis de Panvsitologie,’ in 
which he listed 5 species, viz. 2 from man, 1 from carnivores, 
and 2 from birds. 

Hall (1916) gives the descriptions of 7 species, viz. 1 from 
Hyracoidea, 5 from rodents, and 1, Ph ahhreviata, which i.s a 
reptilian ])arasite,biit bad been recorded from GQ'aphiurita murinua 
by Parona (1909). Hall doubts Parona’s diagnosis, and I agree 
with him that the presence of this pai-asite in a, rodent is very 
suggestive of an error in its identification. 

Up to the present day the number of species has been con- 
siderably increased, thanks principall} to von Linstow and 
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Seurat. Von Liiistow added 19 species to those of his mentioned 
above, one — Ph, amphibia — being the only record of the occur- 
rence of a member of this genus in amphibians, and another — 
Ph, caacasica — being the first species described from man. 
Seurat has added 8 new species and two varieties of /%. alata^ 
Bud., 1819. 

The latest ad<Htion to the literature of this group is two papers 
by Irwin-Smith reviewing the parasites found in reptiles. In 
her first paper (1921) she gives a host list of all the reptilian 
Physaloptera, as well as a bibliographical catalogue in connection 
with them. In her second paper (1922) she brings together the 
description of 13 species, all from lizanls, and states that of the 
15 species recorded from this group of reptiles, only 9, perhaps 10, 
are valid, the others being either synonyms or not members 
of this genus. 

In 8tile.sand IlassalTs ‘Index Catalogue of Round-worins'(1920) 
80 species and 2 varieties of Physaloptera are listed, many of 
which, however, are either synonyms or do not belong to this 
genus. The addition of 3 species by Gedoelst (19U>), 1 by 
Hall and Wig<lor (1918), and 1 by Travassos (1920) not listed 
in the catalogue, an<l 7 new species described in this paper 
brings the number recorded up to 92. These are distributed 
among the principal host groups as follows: — 43 species from 
mammals, 20 species and 2 varieties from birds, 28 species from 
reptiles, 1 species from amphibians, and 1 species, Ph. honnei^ 
sp. n., from a host in Dutch Guiana of which its native name 
is “ 8apakara,^^ but of which T have been unable to obtain the 
scientific name. 

The following list comprises all the species recorded from each 
of these host groups : — 


AMPHIBIA. 

P/i. amphibia v. LiiiBt., 1890. 


• REPTILI.4. 


Fh. ahhreviata Umi., 1819. 

Fh. abjtcta I.oid)', 1869. 

P//. aJfiniH Gedoel., 1916. 

Fh. alha SIosh., 1902. 

Fh, aloisii-sahawiia Par., 1907. 

Fh. antarrtioa v. Linst., 1899, 

Fh. britaaica Skrjabin, 1916, 

Fh. cham^leuntia Gedoel., 1916. 

Fh. cohihri (llud., 1819), Dies., m>l. 
Fh. cotMlriHa Ix‘idy, 1856. 

Fh. rontorta Leidy, 1866. 

Fh, dentata v. Linst., 1883. 

Fh, gracilUy 8p. n. fl9l7, 

Fh, Uptoioma (Gerv., 1818), Sourat, 


Fh, longiasima, sp. n. 
j Fh. monodens Mol., 1860. 

( Fh. mneronata Dios., 1861. 

Fh. obtusissima Mol., 1860. 

‘ Fh. pallaryi Seumt, 1917. 

Fh. jjaradojpa v. Linst., 1908. 

: Fh. phrgnosoma, sp. n. 

I Fh. quudromria Leiper, 1908. 

i Fh. return Kud., 1819. 

I Fh. simpUcidem, «p. ii, 

j Fh. nonBinoi v. Linst., 1896. 
Fh, gpiralis Sclin., 1806. 

Fh, striata v. Linst., 1883, 
Fh. varanif Pnrona, 1889. 
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AYES. 

Vh. acuticauda MoL, 1860. 

P/i. alata Bud., 1819. 

„ V. chevreuxi Seurat, 1914. 

„ „ V. rtonveH Seurat, 1916. 

P/i. bilahhta Crep., 1829. 

P/i. hrexncattda v. Linat., 1909. 

PA. Imlhom V. Linst., 1906. 

PA. crassa v. Linst., 1870. 

PA. erosi Seurat, 1914. 

JPh.fitsiformis v. Linst., 1002. 

PA, galinieri Seiirat, 1914. 


PA. inflata (Mol., 1860), Stoss., 1889, 
PA. malleus v. Linst., 1883. 

PA. megalostoma Crep., 1829. 

PA, vvala v. Linst., 1007. 

PA. rotnndata v. Linst., 1906. 

PA. saginata Uud., 18 IQ. 

PA. striata v. Linst., 1883. 

PA. strongglina Hud., 1819. 
j PA. subafata Selin., 1866. 

PA. tenmcoUis Hud., 1819. 

PA. trvneata S<‘lin., 1866. 


MAMMALIA. 


PA. auomala Mol., 3860. 

PA. hrevispiculum v. Linst., 1906. 
ZVi. brevit^aginata Seurat, 1917. 
PA. capensiSi sp- 
PA. caucasica v. Linst., 1902. 

PA. cesticillataj Sons,, 1680. 

PA. circularis v. Linst., 1897. 

PA. cititli (Kud., 1819), Hall, 1916. 
PA. clausa Hud., 1819. 

PA. cielehs v. Linst., 1897. 

PA. digitata Schn., 1866 
PA. dilatata Hud., 1810. 

PA. dispar v. Linst., 190 L 
PA. eleganlissima Stoss., 1902. 

PA. gemiua v. Linst., 1890. 

PA. getula Seurat, 1017. 

PA. guiarti Garin, 1913. 

PA. incurva v. Linst., 1908. 

PA. inermis v. Linst., 1906, 

PA! limhala Leidy, 1866. 

PA. magnipapilla Mol., 1860. 

PA. malajjensiSf sp. n. 


iVi. maxilla ris Mol., 1860. 

PA. nuplnles Solanet, 1909. 

PA. mordens Leiper, 1908. 

iVi. muns-hrasilunsis Dies., 1861. 

PA. nasilionis Gedoel., 1916. 

PA. numidica Seurat, 1017. 

PA. papiUoradutta v. Linst., 1899. 

Fh, papillufruncata Mol., 1860. 

PA. prapulhUs v. Linst., 1880. 

Th. pgraviidalis v. Linst., 1870. 

PA. wm Hall A \\'ig:(lor, 1018. 

Vh. vxncenzovu Parona, 1007. 

Vh. sfunlanceolata 1860. 

PA. svhiri Farona, 1898. 

PA. sjdrula lluinpr. A Ehreu., 1828. 
PA. tacapeusis Seurat, 1917. 

I*h. terdenfata Mol., 1H60. 

Vh. torquata Louly, 1886. 

PA. forrvst (Tia\., 1920). '^1912. 

Vh. tumefaci(ns Htniiy & Flanc, 
Vh. turgida Kud., 1810. 


Doubtful Ho.st. 

PA. bonneij k)). n. 

Material and Acknowledgments. 

The present work originated in the examination and deter- 
mination of a number of species of tliis genus collected by the 
author at the Prosectorium of the Zoological Society of London, 
while holding the post of Parasitologist to the Society. Prof. 
Leiper suggested that the work should be extend eci, so as to 
inchule a redescription of as many as possible of the recorded 
species of tins genus, together with a survey of the whole group. 
Witli this aim in view he handed over to me, for study and 
identification, his valuable collection of Physaloptera, most of 
which had been personally collected by him during his expedition 
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to Uganda in 1906* I wish here to express my indebtedness and 
thanks to the Zoological Society of London for the honour and 
privilege of collecting these parasites in their Gardens, and to 
Professor Leiper my sincere thanks and gratitude for having 
entrusted me with his material, for his valuable advice and 
criticisms, without which the work could not have been under- 
taken, and for the use of his valuable library. 

In addition to the al)Ove material, the writer was able to 
examine representative material of all of Molin’s species, the 
types of two of Diesing s species, and examples of six of Rudolphrs, 
including his types of Ph, clausa deposited in the Helminthological 
collection of the Zoologische Abteilung der Naturhistorischen 
Btaatsmuseum, Vienna. 1 wish to express my indebtedness and 
thanks to Hofi-at Dr. Ludwig von Lorenz-Liburnau, Director of 
the Zoological Department, for the privilege afforded me to 
examine this material, and especially also to Dr. Carl Graf 
Attems, custodian of the Helminthological collection in the 
Museum, for the excellent facilities so generously placed at my 
disposal. 

Molin did not set apart any material of his species as types, 
neither did von Drasche when re-examining Molin’s material. In 
consequence of this, I liave tfiken the bottle with the lowest 
number to represent the type, except in the case of PA. ohtvsis- 
sima and PL tmientata. In the former case a paratype of the 
species was examined; in the second case the bottle with the 
lowest number did not contain Molin’s species, but a repre- 
sentative of a later-described s|)ecies of von Linstow’s, namely 
PA. prtvputudis ; consequently a bottle -without any regular 
number upon it, but with the legend Y1074 on the stopper, was 
taken as the type ; this material had been determined by Molin 
and also redetermined by von Drasche. The number of the 
bottles eoutaiiiing what I have taken as the type materials of 
Kudolphi's, Diesing’s, and Molin s species are recorded under the 
description of the individual species concerned. 

The types of the tAvo new species, PA. phrynosoma and 
PA. capensis^ described in this paper Avill be deposited in the 
British Museum of Natural History. The types of the five other 
new species, PA. gracilis^ Ph, loiigisswia, PL simplicidens, 
Ph» malayenslsf and PA. bounds, are in the Helminthological 
Department of the Loudon School of Tropical Medicine. 

Methods of Study. 

The fresh material obtained from the Prosectorium of the 
London Zoological Society w^as collected and washed in normal 
saline, and as much as possible of the structure of the Avorms 
determined while they were still in the living state. They were 
then killed in hot 70 per cent, alcohol, twjcording to the method 
recommended by Looss, after which they wei'e preserved in a 
70 per cent, alcohol + 5 per cent, glycerine solution, lor 
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further study of this, and the rest of the ma.terial it was necessary 
to render them transparent by some clearing medium . Langeron's 
lactophenol was at first used, but, although this medium is 
excellent for small nematodes, it did not give satisfactory results 
with the larger members of this group, as it did not render the 
specimen clear enough to make out the details of the spicules. 
Consequently beech wood creosote was used in its stead. In using 
this latter medium, the parasites were transferred into strong 
alcohol, about 95 per cent., and left therein for a longer or 
shorter period according to the size of the worms ; after a 
sufficient interval to allow for the thorough penetmtion of this 
alcohol, they were placed in the creosote and examined, when 
clear, under the microscope by placing them on a larger slide 
and rolling them under a coverslip when necessary. After exami- 
nation it is essential to remove the creosote fi‘om the worms, as 
they tend to l)ecome very dark in colour if returned into the 
preserving fluid without removal of the creosote. To obviate 
this, the parasites were first immersed for at least two hours in a 
1-2 per cent, acid alcohol solution (70 per cent.), after which 
they could be transferred into the preserving fluid with apparent 
safety. 

All the measurements, except that of the length of the worms, 
were taken by means of an ocular micrometer, the value of each 
of whose divisions had been previously determined. 

The details of the female genitalia were made out in most 
species by simple clearing and rolling of the ])arasites ; in the 
remaining species it was necessary to dissect out these uteri 
under a dissecting microscope, and to examine them separately 
when mounted on a slide: where, however, there was ample 
material of the former, the genitalia were also dissected out. 

Where there was sufl^cient material available, the detjiils of 
the lips were determined by first cutting the lips off from the 
body and then examining each lip from the inner and outer 
surface when cleax^ed and mounted on a slide. 

All the figures except one — caudal bursa of Ph, coluhri — are 
original. All those accompanied by a scale were drawn by means 
of a camera lucida; the others are free-hand drawings made 
from the specimens. 

General Characters of Piiysalopteua. 

These worms are rounded elongate and taper gradually in their 
anterior half and posterior third ; they vary considerably in size, 
the largest specimens known being lOenn long and nearly 3 mm. 
thick. The cuticle is loosely attached to the body, and in nearly 
all cases is extended over the lips to form a prepuce-like collar ; 
in a few species a similar reduplication is present over the caudal 
’ extremities of both sexes. The cuticle always shows a very fine 
transverse striation, which often requires high magnification for 
its detection. 
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Two cervical papillae are present. These are situated laterally 
a short distance behind the cephalic extremity. They are small 
and spike-like, and stand out at right angles to the body. 

The excretory pore is ventral in position, and is situated a 
very short distance posterior to the cervical papillie. It gives 
exit to a thin duct, which at first passes obliquely inwards and 
forwards and then bends backwards to join an oval, elongate, 
and unicellular gland pressed against the ventral surface of the 
cesophagus. 

Two lips are present. These are lateral in position, and have 
their inner faces flattened and their outer somewhat convex ; in 
lateral view they may be semicircular, dome-shaped, or more or 
less triangular in outline. They are always simple and their 
pulp is never subdivided. Each lip carries a variable number of 
teeth on its anterior a.nd inner border ; these consist typically of : 
(1) an outer median tooth, generally triangular in shape and of 
variable size ; (2) an inner median tooth immediately internal to 
the outer median : it may be larger, smaller, or of the same size 
as the outer tooth, and its tip may he either simple and pointed 
or broadened out and tripai-tite; (3) tw'o inner lateral teeth, 
one situated in each of the subniedian fields of each lip on its 
inner surface : they are smaller than the outer tooth and are 
always split ; (4) a series of small denticles arranged in a linear 
series on the inner surface of the lip, dorsad and ventrad of the 
median teeth. The external median tooth is always present, but 
any or all of the other teeth can be absent. Two papillae are 
present on the external surface of each lip ; these are situated 
one in each submedian field towards the angles of the lips ; they 
are generally dome-shaped. A number of observers mention the 
presence of an additional external ])apilla in the mid-line of the 
lip. I have not detecte<l any such papillie in any of the specimens 
studied, and I am consequently letl to the conclusion that a small 
shoulder-like bulging, somtimes present on the outer surface of 
the lip, has been mistaken fora papilla. 

The (esophagus is a straight and cylindrical organ, increasing 
slightly in thickness towards its j)osterior extremity. It is 
always divisible into two parts, namely, a short, transparent, and 
slightly thinner anterior muscular portion showing transverse 
muscular striations, and a po.sterior glandular portion which is 
thicker, oqaqiie, and granular. Its lumen is lined with chitin 
and is triradiate. Seurat mentions the presence of a buccal 
cavity between the lips and (esojihagus. I was not able to detect 
any such space in my material except in one, Ph, gracilis, sj). n., 
where 1 think the space was due to contraction ; in all my other 
specimens the (esophagus immediately followed the lips. 

The nerve ring is large, and encircles the muscular (esophageal 
portion in its posterior half. 

The intestine is straight, and its connection with the (eso- 
phagus is slightly thicker than the rest of the organ, which has 
a uniform thickness throughout. It opens to the exterior by a 
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short and oblique rectum, lined internally with chitin and 
accompanied on its outer surface by a number of rectal glands. 

The tail of the female is genemlly short and conical; it is 
supplied with a unicellular gland ; two lateral caudal pores are 
present, situated generally behind its middle. 

The male caudal extremity is incurved ventral wards, and 
carries on either side a cutieular expansion, which passes acioss 
the ventral sui-face, some short distance in front of the anus, 
to join its fellow of the other side. It is always supported by at 
least four piirs of long pedunculated papillae, generally arranged 
circumcloacally. Its ventral surface is nearly always ornamented 
either by longitudinal ridges, or with longitudinal rows of 
tubercles, or spikes or rounded prominences. In addition, there is 
present a variable number of ventral papillae (? absent in Ph, guiarti 
Garin) which ai e generally sessile ; typically these consist of three 
pre-anal and five pairs of post-anal pipill®, but this number may 
vary in some species. 

In tlie female the vulva is always situated in the anterior half 
of the lx)dy. It is a circular aperture, generally situated on a 
slight elevation. It leads into an unpaired ovijectoral poition, 
which in its turn is followed by a double or multiple portion of 
the female genitalia. The ovijectoral part consists typically 
of three subdivisions, viz.: (1) a thick-walled cylindrical and 
muscular vaginal part, lined internally with chitin ; (2) a 
middle swollen portion, generally having its lumen filled with 
eggs : this part I have interpreted as “ egg-chamber ” ; and (3) a 
posterior cylindrical portion of about the sa-iiie thickness as the 
vagina, but generally shorter : this part I have designated in the 
descj’iptions by the term “common trunk as it pronahly 
represents a fused portion of the uteri. The first two paiU are 
always present, but the last is often absent. The double or 
multiple pai'ts consist of two or more tubules connected by a 
thinner part to the common trunk or egg-chamber, and com- 
prising a uterus, a leceptaculum seminis, an oviduct, and an 
ovary. The uteri are large, and are filled with numerous €*ggs ; 
they till practically the whole body -cavity, and pass backwards 
more or less parallel to each other to within a few millimetres 
from the posterior extremity ; they then pass forwards, become 
thinner, and join on to the receptacula seminis. The leceptacula 
seminis are small, oval, rounded, or pyriform, with their greatest 
diameter further away from the uteri. The oviducts are fine 
ducts, connecting the oviducts to the receptacula seminis ; their 
transition into the ovaries is generally gmdual, but into the 
receptacula it is abrupt. The ovaries are long and taper gradually 
to their tip : they at first pass irregulary forwards, but recurve to 
end generally in the anterior body half. 

The eggs are relatively small, oval, smooth, and very thick- 
shelled, and are embryonated before being laid. 

The male genital tubule is unpaired, and is situated ventrad 
to the digestive tract. It consists of three well-defined portions, 
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viz, : (1) a posterior and short but elongately pyriform ejacu- 
latory duct, with its thickest part away from the genital orifice ; 
(2) a long vesicula seminalis, of the same dimensions throughout 
and slightly thicker than the ejaculatory duct ; and (3) a much 
thinner and tapering testis, which passes forwards into the 
anterior third of the body, after wdnch it recurves, and passes 
backwards to end at about the middle of the body. The ejacu- 
latoxy duct and vesicula seminalis are straight, but the testis 
performs irregular longitudinal loops in its forward course. The 
accessory male genital apparatus consists of two spicules, of which 
the left is genemlly long and slender, and the right shorter and 
stouter ; they may, however, be of the same length, or the right 
may be slightly larger than the left. 

Characters of Systematic Importance. 

Seurat (1914) was the first to draw attention to the systematic 
value of the number of the uteri, and in his writings on the 
Pixysaloptera invariably groups his species according to wliether 
they linve two or four uteri. Jn my investigations on this genus 
I iiave found also forms possessing as many as 15 uteri, and con- 
sequently have classified them into the three groups — Didelphys, 
Tetradelphys, and Pol3’delphys. 

The number of the uteii and their mode of origin from the 
ovijocbor appear to me to l>o characters of primary systematic 
value, and the question arises wliether they are not of generic 
significance. 

Irwin-Hmitli (1922) considers it “ undesirable to establish a 
new genus (mtirely on a character wJiicli can bo determined only 
by dissection.” 1 agree with her that it does not appear legitimate 
to create a genus on only one cha meter; and consequently I have 
looked for some other characters common to each of these grou{)S, 
Init have not been able to find any. The wJiole genus is so 
compact, and its individual species have so many characters in 
common, that at tlie present state of our knowledge of the 
Physaloptei’a, I am compelled to retain them all in the same 
genus, however much I have felt inclined to split tliern up for the 
sake of convenience. 

Travassos (1920) separates from tlie genus Phy$aloptera four 
new genera, limiting the genus Phy8cdoj>tera to those forms 
possessing similar and subequal spicules, tw'o uteri, four pairs of 
peilunculated papilhc,,and having no reduplication of the cuticle 
over the caudal extremity. He gives the following key to these 
five and three other nearly related genera : — 

1. Spicalcs similar and subequal. 

A. Two uteri, 

a. Four pairs of pedunculated papillae; no prepuce-liko sheath 


at the posterior extremity Ph^$aloptera, 

h. A prepuce-liko collar present at the posterior extremity ... Chlami/donema. 

c. Eight pairs of i>edttnoulated papilhe Thnhmata. 

B. Ten uteri Turgida, 
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2. Spiculen dissimilar, and their sizes very different. 

AA. Two uteri. 

aa. Four pairs of pedunculated papillae Alreviata. 

hh. Nine to ten pairs of pedunculated papillae. 

cc. Vulva in anterior half; ovijector very lonp: Jleliconema. 

dd. Vulva near to the anus Froleptm. 

BB. Pour uteri Leptoaoma, 

Except for the genus Ttirgida^ Travassos gives no generic 
diagnoses for his new genera, so that in order to form a conception 
of the tliree genera CKiamydonema^ Ahreimita, mvd Leptonomay we 
are limited to the skeletal framework of his key. He also does 
not indicate which species he regards as the type of each of these 
three generic, but as he has used the term Ttirgida in mising the 
species Ph, targidu to generic rank, I take it that Chlamydonema 
will have as its type-species Ph, prceputialis von Linstow, 1899, 
because CMamgdonema felimns is the name used by Hegt (1910) 
in describing a nematode para.site from the Domestic Cat, being 
apparently unaware of its physalopteran characters or its identity 
with Ph, prcHpiLtialis, AhrevicUa is presumably Riidolphi's 
species Ph, ahhreviata raised to generic rank, an<l Leptosoma is 
presumably Ph, leptosovui (Gervais) Seurat, 1917, raised to a new 
genus. 

In view of Seuiat’s investigations and my own observations on 
the genus Phymlopteray all Travassos’ genera appear to me to 
be untenable. Chlamydonemay besides th(* characters it has in 
common with Travassos’ restricted genus Physalojdera, has in 
addition the prepuce-like collar over the posterior extremity ; 
now, Ph, tumefaciens Henry & Blaiic, 19112, also shows this 
characteristic, although not to sucl» a marked extent as 
in Ph, pripputialisy hut as it has four uteri, it cannol be 
included in the genus Chlamydmiema,, so that this genus is not 
valid. 

The genus Turgida has all the characters of the genus Physa- 
loptera as restricted by Travassos, exce]>t that it is polydelpboid, 
so that its validity is based on this single chai’acteristic. As 
shown above, I do not regard the multiplication of the uteri by 
itself as of more than specific value. Ph, capensisy sp. n., is also 
polydelpboid, but the mode of origin of its uteri is quite diflerent 
from that in Ph, Uirgida, so that if the genus Turgida is accepted, 
then a special genus w'ould have to l)e created for Ph, capensisy a 
procedure which I consider quite unjustifiable. 

Ph, ahhreviatay as redescribed by Seurat (1914 6), has four uteri, 
so that on this gixiund alone the genus Ahraviata must he 
suppressed, as Travassos creates it for those forms possessing two 
uteri and having \ei*y equal and dissimilar spicules; beshles, the 
tetradelpboid species Ph, turne/adens and Ph, magnipapilla have 
only slightly unequal spicules, which charactej’ also does not 
tally with Tra\assos’ conception of his new genus. 

The genus Leptosomay according to Travassos^ key, is char- 
acterised by having four uteri and very unequal and dissimilar 
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spwules. Accoi*ding to Seurat (1917 a), who has studied Ph. 
leptosoma^ this species has only two uteri, so that again it 
appears that Travassos has made a new genus on wrong data. 
At any rate the name Leptoaoma is not available, as according to 
Scudder (1882) it has already been used by Leach (1819) for a 
beetle, by Risso (1826) for a crustacean, by Nardo (1827) for a 
fish, and by Boisd. (1833) for a lepidoptemn, while the form 
Lepioaomua was used by Vieill. (1816) for a bird, and by Schonh. 
(1826) for a coleopteran. 

With regards to the genera Thuhtmma Seurat, 1914, Heli- 
conenia Trav., 1919, and ProUpim Duj., 1845, it does not 
appear necessary to discuss thtmi here, as they do not affect the 
status of the genus Physalopiera. 

Seurat (1915-16) has also proposed dividing the genus into 
four grou})s according to the teeth. These groups he characterises 
briefly as follows : — > 

1st group of Ph. galiiiieri Seurat. 

The internal median tooth tripartite and very large, passing 
ovei the small external tooth. 

2nd group of Ph. clausa Kud. 

The external and median teeth are of the same height. 

3rd group of Ph. alata llud. 

The external tooth is very large and triangular; the internal 
tooth (tripartite) is small. 

4th group of Ph. ahhreviata Rud. 

Tlie external tooth is enormous and triangular ; the internal 
tooth is very small and difficult to see. 

If we adopt this division, we would be obliged to add a 
5th grou]) of Ph. colubri (Rud.), Dies., characterised by the 
presence of a large arid triangular external tooth and the entire 
absence of tlie internal median tooth. 

In sub<livi<ling any group of animals, our first aim is to bring 
together those forms which possess close affinities to each other, 
and not those foniis which, when grouf)ed together, render it 
easier or more convenierrt to us to determine them. Seiuut^s 
divisions, when submitted to this test, are consequently not 
tenable, as it would imply that all the polydelphoid forms are 
closely related to such didelphoid forms as Ph. prcsputialis and 
Ph. maxdlaris. 

Assuming that the line of evolution has proceeded from the 
didelphic to the polydelphic forms, then, I think, we have to 
recognise tw^o ways, both starting from a form with genitalia of 
the Ph. clausa (text-fig. 1 A) type. The one group would evolve 
from this tyi>e through stages like Ph. pr(V}m(tuhs (text-fig. 1 B), 
Ph. tumefaciens (text-fig. 1 C) to Ph. turgida (text-fig. 1 D), and 
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the other along such stages as Ph, ohtuaisdma (text-hg. 1 
Ph. ahhreviata (text-fig. 1 c), Ph, paradoxa (text-fig. 1 d) to 
PA. capemis (text-fig. 1 «)• 


Text-figure 1. 



Schematic representation of the probable methods of Uterine evolution from the 
didelphoid to the polydelphoid conditions. 

A = PA. clau$a type ; B = Fh, praeputialis type ; C = PA. tumefaciem type; 

D — PA. twrgid<i type ; h = PA. obtu8is$ima type ; c =* PA, ahhreviata type ; 
d — Fh, paradoxa type,* e = Fh, capensie type. 


For tlie specific determination of tlie material examined, the 
following characters were especially noted : — 

1. Number of uteri and their mode of origin. 

2. Number and arrangement of the male caudal papillce. 
Relative lengths and .shape of the spicules. 

4. Number, shape, and size of the labial teeth. 

5. Cuticular markings on the ventral surface of the male 

bursa. 

6. Position of the vulva. 
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7. Presence or absence of a cnticular sheath at the posterior 

extremity. 

8. Size of the eggs. 

9. Relative length of the oesophagns. 

10. Positions of the excretory pore and cervical papillae. 

The value attaching to each of these characters is indicated by 
its position in the above list. 

Systbbiatic Section. 

The remainder of the paper is divided into two parts. Part I. 
contains the descriptions and diagrams of all tlie species 
personally studied. Part II. gives an extract of the principal 
characteristics of all the species not personally examined. In 
most cases these extracts are based on the original descriptions 
and dniwings ; where this is not the case, the source is recorded 
under the species concerned. In each part the parasites are 
classified into three groups according to whether they were 
di-, tetra-, or polytlelphoid, the arrangement proceeding from 
Mammals to Birds and to Reptiles. 

Ph. acutlcaucJa^ however, has been placed together with 
Ph. pr(vjmiiali8 and Ph. malayemis after the reptilian didelphoid 
forms, because of the similarity of their female genitalia. Species 
Inquireuda), and species which were described as l>eIonging to 
the genus Phyaaloptem but which have since been found to 
have been misplaced, are listed at the end of Part II. 

The hosts cited after the species in Part I. are the hosts from 
w’hich <he material examined was collected ; the hosts in Part 31. 
are those from which the material collected formed the basis of 
the descriptions. A more detailed list of hosts from wdiich the 
separate species have been recorded is furnished by Stiles and 
Hassall's ‘Index Catalogue of Round-worms’ (1920). 


PART I. 

Goneric Diagnosis (emended). 

Superfainily Spjhuroidea. 

Family Physalopterid/E. 

Subfamily Physaloptbrix^. 

Mouth with two large simple and lateral lips, each armed with 
a variable number of teeth and carrying two external papillae. 
(Esophagus consists of an anterior muscular and a posterior 
glandular part. Cuticle generally reflected over the lips. Caudal 
extremity of male with lateral aim joining each other across the 
ventral surface in front of the anus. At least four pairs of 
pedunculated papillm supporting the alae; these generally an’auge<l 
circumcloaoally. A variable number of ventral caudal papilim, 
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generally three pre-anal and five pairs post-anal. Spicules un- 
equal, subequal, or equal. Vulva in anterior half of body. Two, 
four, or many uteri. Eggs oval, smooth, thick-shelled, and 
embryoriatecl when laid. 

Parasitic normally in the digestive tract, generally the stomach, 
of mammals, birds, and reptiles, but very rarely in amphibians. 

Type-species, Fh, clausa Rud., 1819. 


Group Didelphys. 

(1) Physaloptera clausa Rudolphi, 1819. (Text-figs. 2-4.) 

Syn. Spiroptera clausa (Rud.), Buj., 1845. 

The material examined consisted of many specimens from 
Ermaceus europcpus in the Vienna Museum (bottles 4447 & 4450), 
also some specimens from the same host in the collection of 
Prof. R. T. Leiper. The three lots of material were in all 
respects identical. 

The cuticle appears smooth, but under high magnification a 
very delicate transverse striation is s?en ; it is only very slightly 
reflected over the base of the lips. 

The cervical papillte are lodged in small depressions of the 
cuticle, and are situated from 115 to 185^ behind the level of 
the hind end of the muscular (esophagus; tlie excretory diuit 
opens in the ventral mid -line at the same level as the cervical 
papilhe or ju.st behind them. 

The lips are almost semicircular in lateral view, but appear 
square in dorsjd or ventral view. Each bears a medium-sized 
conical outer tooth with obtuse ti[), and just internal to it a 
median tooth of equal lieight with three tips to its free end. 
No lateral teeth are present. The suhdorsal and suhventral 
external papillae are small and doin(*-]ike. 

The mscfphaous immediately follows the lij)s ; it is straight, 
and forms in the female 1/7*8 to l/9th, and in the males 1/5*4 to 
1/5*6 of the total body -length. Its muscular part is distinctly 
set ofl* from the glandular, and is also slightly tliinner ; in the 
females it forms about 1/8*5, and in the males l/7th of the whole 
organ. The nerve ring encircles it in its posterior quarter. 

Female, 

Mature females vary in length from 30 to 50 mm., witli a 
maximum thickness of 1*3 to 1*6 mm. The body is attenuated 
in its anterior l/3rd and posterior l/5th ; it is terminated by a 
bluntly conical tail l/45th to l/55th of the total body-length, 
with caudal pores in its posterior half. 

The position of the vulva divides the body in the ratio of 
1 : 1*7 to 1:2; it is situated on a slight elevation, and leads 
into a bent vagina 1*6 mm, long by 95 p broad ; the egg-chamber 
is slightly shorter but thicker, measuring 1*3 mm. long by 325 p 
broad. From its posterior enil the uteri, of which there are two, 
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directly take their origin, so that a common trunk portion is 
absent. 

The eggs are oval and thick-shelled, measuring 52 fi long by 
38 broad. 


Male, 

The males varied in length from 15 to 28 mm., with a breadth 
of 825 to 875 fi. The body is attenuated only on its anterior 
half. 

The caudal bursa is large, forming about 1/1 1th of the total 
length; it is bluntly rounded posteriorly, and is closely coiled 
ventralwards. The lateral expansions are well developed, and 



Phytaloptera olama Bud. 

A as Anterior extremity of body. 
B ~ Exteriio-Iftteral view of ip, 
C = Ventral view of lip. 


the four pairs of pedunculated papill» supporting them are equi- 
distant, two pairs being pre-anal and two pail’s post-anal. There 
are 13 ventral papilla?, of which three are pre-anal and the rest 
post-anal. The pre-anal papillte are situated in a row imme- 
diately anterior to the anus, the middle papilla being larger than 
the other two. The 6rst two pairs of post-anal ventral papilla? 
are small and situated in a row just behind the anus ; the remain- 
ing papillas are equidistant and large, and they divide the tail 
into quarters ; in some cases the last two pairs may be slightly 
approximated to each other. 

The left spicule is nearly half as long again as the right, 
and is also much slenderer; it is 740 p long by 33 /i broad at 
Peoo. Zool. Soc.— 1922, No. LXVITT. 68 
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ite base and tapers to a fine point ; the right spicule is stout, 
495 fi long and 50 fi broad at its base, and also terminates in a 
fine point. 

Host: Erinaceus etiropceits. Stomach. Europe. 

Types in bottle 4447 in the Vienna Museum. 

My observations on this species difier in many respects from 
those of Seurat (1917 6) made on worms obtained from Ermacms 
algirus and Erinaceua deserti. These difierences apply more 
especially to the male. Seurat finds that of the three pre-anal 
ventral caudal papillae the two lateral ones are far removed from 


Text-figure 3. 



Physaloptera clatisa Rud. 

A = Caudal extremity of female. 

R « Terminal parts ot female genitalia. 
C = Egg-shell. 


the median papilla and are also stalked ; in my material these 
three papillae are situated close together in a line immediately in 
front of the anus, and the lateral papillte are non-pedmiculate ; 
also the median papilla is large and nearly twice the size of 
the other two, whereas Seurat finds this p.apilla to be very 
small. 

With regard to the post-anal ventral papillae, the third pair is 
stalked in Seurat’s material and sessile in mine. 

Further, the spicules of his specimens differ from those of 
mine both in length and in shape ; in his material the right and 
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left spicules are respectively 300 and 360 /u long, and only the 
left has a pointed tip. In my material the spicular lengths are 
as follows : right 495 left 740 ft, i. e, the right is more 
than half os long again and the left twice as long. Both of 
tliem terminate in sharp points. 

These, besides other minor differences, e, g» size of egg, length 
of ovijector, position of the vulva, etc., seem to indicate that the 
specimens studied by me belong to different species; and as I 
examined what I take to be the type-material, I think Seurat's 
specimens must be regarded as a new species, which, however, is 
very closely allied to Ph. clama, as shown by the nature of the 
teeth and mode of origin of the two uteri. 


Text-figure 4. 



A ~ Caudill extremity of male. B = Spicules. 


Schneider (1866) states that the inner teeth are smaller than 
the outer, and figures a male bursa having the papillss arranged 
very similarly to those figured by Seurat ; he does not definitely 
state that he has examined the Vienna material, although he 
quotes the same host from both Vienna and Berlin ; it is probable 
that he examined material only from the latter locality, and that 
would partly account for the differences between his and my 
observations ; it is therefore probable that he also is not dealing 
with Ph. clausa, but with a species identical with or very closely 
allied to that described by Seurat. Unfortunately Schneider’s 
description is very brief, so that I am not able to make a closer 
comparison between his and Seurat's accounts. 

68 * 
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(2) Phtsaloptbra papillotruncata Molin, I860, (Text fig. 5,) 

The material examined consisted of the types of the species 
deposited in the Vienna Museum ; this material had also been 
examined by von Drasche. 

The cuticle is very finely striated transversely, and in the 
specimens examined it was not reflected over the lips; a coarse 
ringing is present in some specimens, probably due to some 
shrinkage. 

The cervical papillse are situated from 150 to 260 p behind the 
level of the posterior margin of the muscular lesophagus, and the 
excretory duct opens to the exterior either at the same level or 
about 75 ^ further back. 

The lips are hemispherical in lateral view, and each has only 
two teeth, namely a large and blunt outer tooth recurved out- 
wards, and a smaller tripartite inner tooth. Each lip bears on 
its subdorsal and subventral outer surface a dome-like papilla. 

The oesophagus is straight, and forms in the females from 
1/5*6 to l/7th, and in the males l/5th of the total body-length. 
Its muscular part is slightly thinner than the following glandular 
part, and forms from 1/8 *6 to 1/lOth of the whole organ : it is 
encircled by the nerve ring at the junction of its fourth and last 
fifths. 

Female, 

The females examined varied in length from 32 to 68 mm., 
with a maximum breadth of from 1 to 2*1 mm. The body is 
much attenuated in its anterior half, and slightly less so in its 
posterior quarter, where the body is terminated by a short and 
truncated tail l/66th to l/80th of the total body-length ; its 
caudal pores are situated just behind its middle. 

The vulva opens on a slight elevation, and is situated rela- 
tively far back ; it divides the body in the ratio of 1 : 1 *8 to 1 : 1*2 ; 
it leads into a slightly curved and muscular vagina 1*5 mm. 
long by 96 /a broad ; this passes into the egg-chamber, which is 
1*3 mm. long by 210 jjl broad. The trunk which follows is of the 
same length and breadth as the vagina ; from its posterior end 
there arise the two uteri which at first pass forwards, but soon 
recurve and pass down the length of the btxly. 

The eggs are oval and thick-shelled, measuring on the average 
52 fi long by 30 /u broad. 

Male, 

The males are much smaller than the females, and are 
attenuated in their anterior third, the rest of the body being 
of about the same thickness ; they vary in length from 20 to 
25 mm. with a breadth of 750 to 800 p. 

The bursa is large, and forms about 1 /10th of the body-length ; 
it has well-developed cuticular expansions, and is rounded at its 
tip. The ventral surface is traversed by longitudinal rows of 
protuberances. The foin pairs of stnlked papillse are equidistant 
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from each other, the first, however, being more ventral in origin ; 
two pairs are pre-anal, and the other two pairs are post^-anal in 
position. The three pre-anal ventral papillae are situated in a 
row immediately in front of the anus. There are five pairs of 
post-anal papillae, of which pairs 1 and 2 are small and situated 
close together immediately behind the anus, one pair being 
slightly more posterior than the other; pairs 3, 4, and 5 are 
equidistant from each other ; the distance between the 2nd and 
3rd pairs is about half that between the 3rd and 4th pairs, and 
the distance between the 5th pair and the tip of the tail is about 
twice that between the 4th and 5th pairs. 


Text-figure 5. 



I*hji/saIoptera papUIoirvncata Mol. 

A =» CJephalie extremity of body, 
n == Inner view of median labial teeth. 

C === Caudal extremity of male. 

The spicules arc equal and straiglit ; the right spicule is slightly 
slenderer than the left, and ends in a sharp point ; the end of 
the left spicule is slightly flattened out to form a small spear- 
head ; they are 360 p long by 35 and 38 [4. thick at their base 
respectively. 

Host: Myrmecopheufa jubata* Stomach. Bimil. 

Types in bottle 4477 in the Yienna Museum. 

Discussion* — See PA, maxiUaris, 

(3) Physaloptbra sbmilancbolata Molin, 1860. (Text-fig. 6.) 

The material examined was somewhat shrunken, but in 
excellent preservation. 

The cuticle is finely striated, and shows, in addition, an 
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irregular course ringing, probably due to contraction ; in some 
cases it is completely reflected over the lips, and in others only 
the base of the lips are covered. 

The cervical papillee are situated about 300 jx behind the level 
of the hind end of the muscular oesophagus, and the excretory 
duct opens about 90 ^ further back. 

In the specimens examined the (esophagus was thrown into 
loops, so that a correct estimation of its length could not be 
determined; roughly, it forms in the male about l/5th, and in 
the female about l/6th of the totsl length. 

The lips are flatly rounded, and eacdi bears two large terminal 
teeth of the same height ; the outer tooth is markedly truncated, 
whereas the inner is foliaceous and tripartite. Each lip has on 
its outer surface a prominent subdorsal and subventral papilla. 
Female, 

The females are coiled, and mature specimens average in length 
from 21 to 37 mm. long by *9 to 1*5 mm. thick. The body is of 


Text-figure 6. 



l^hysaloptera semilanceolata Mol. 
A = Extcrno-lateral vifw of head. 
13 Caudal extremity of male. 


a more or less uniform thickness throughout, except for the 
anterior 1/1 0th and posterior few millimetres. The tail in all 
specimens examined was bent dorsalwards. It tapers only 
slightly towards its tip, which is very bluntly rounded; the 
caudal pores open in its posterior l/5th. 

The vulva opens very far forwards, in some specimens its 
position being just anterior to the hind end of the (esophagus 
and in others just behind it. It leads into a long and coiled 
vagina about 3 mm. long by 110 /x broad; its posterior end 
gradually widens to join the swollen egg- chamber, which, when 
distended with eggs, measured 2*75 mm. long by 440 brood. 
The common trunk is relatively short and slightly thinner than 
the vagina; it measured about 475^ long by 95 /x thick. The 
two uteri which arise from it may first pass forwards, and then 
recurve to pass down ti)e length of the body, 
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The eggs are oval and thick-«helled, and are already embryo- 
nated in utero ; they are 60 fA long by 32 /x broad. 

Male» 

The males are also coiled, and the body is attenuated in its 
anterior third. The specimens examined measured from 25 to 
32 mm. long by 750 to 875/4 thick. The bursa is relatively 
narrow and pointed, and three of the four pairs of pedunculated 
papillaj are pre-anal in position. The three pre-anal ventral papillae 
are equidistant from the cloaca, and the central papilla is slightly 
larger. There are five pairs of post-anal ventral papillae, of which 
the first two pairs are small and situated in a row immediately 
behind the anus ; the third pair is at the junction of the 1st and 
2ud sixths of the tail, the fourth at about the middle, and the 
last at the junction of the 3rd and last quarters of the tail. The 
ventral surface is covered with longitudinal rows of irregular 
tubercles. 

The spicules are slightly unequal, of the same thickness, and 
slightly curved ; both taper to fine points ; the right is 574/4 long 
by 38/4 thick at its base, the left is 730/4 long by 38*/4 at its base. 

Host : N^istia narica. Stomach. Brazil. 

Discussion , — The small pair of papilla) between the 4th and 
5th pairs of veiitrril post-anal papillie described by von Drasche 
are the openings of t he caudal pores. 

Affinities, — See Dh, niaxiUaria, 

(4) PiiYSALOPTERA MAXiLLARis Molin, 1860. (Text-fig. 7.) 

The material examined consisted of the types of this species 
deposited in bottle 4458 in the Vienna Museum ; the material 
W'as in an excellent state of preservation. 

The cuticle is finely striated transversely, and is partly or 
wholly reflected over the lips. The cervical papilhe are situated 
half a millimetre behind the junction of the two cesophageal 
parts, and the excretory pore about 50 /t further back. 

The lips are rounded or slightly conical; each has two terminal 
teeth — namely, a laige triangular outei* tooth with obtuse tip 
slightly bent outwards, and an inner semi-membranous tooth, 
tripartite at its free end, and of the same size as the outer tooth. 
Two large conical papillte are present on the outer surface of 
each lip. 

Tlie oesophagus is straight, and thickens gradually towards iis 
posterior end ; in the female it forms 1/5*2 to 1/5*4, and in the 
male l/6th to 1/6*4 of the body-length ; its anterior tenth forms 
the muscular part, which is slightly thinner than the glandular, 
and is encircled by the nerve cord in its posterior third. 

Female, 

The females are stout, and are attenuated only in their anterior 
third and tail region ; this latter part tapers abruptly to form 
a short and pointed tail l/73rd of the body-length, and having 
its caudal pores situated in its middle. Mature forms vary in 
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length from 20 to 36 mm., with a maximum breadth of 800 /jl 
to 1*24 mm. 

The vulva is slightly protuberant, and its position divides the 
body into the ratio of 1 : 1*6. The vagina is long, and varies in 
length from 2| to 3^ mm. with a thickness of 96^. The 
egg-chamber is elongately oval, and is 1*7 mm. long by 435^ 
in diameter. The common trunk is short, and varies in length 
from 290 to 320 /x; it is slightly thicker than the vagina ; from 
its posterior end the two uteri take their origin, and may 
either pass forwards and then bend backwards, or else pass 
posteriorly directly. 

The eggs are oval and thick-shelled, and measure 43 fx long by 
31 /X broad. 

Text-figure 7. 



Phymioptera maxillaria Mol. 
Caudal extremity of male. 


MaU. 

The males are much attenuated from behind forwards, having 
their maximum thickness just above the bursa; they vary in 
length from 23 to 32 mm., with a thickness of 550 to 800 /i. 

The bursa is elongated and somewhat pointed, and has its 
caudal expansions well developed in its middle portion. Its 
ventral surface is ornamented by two types of cuticular bosses, 
those in the central area, above and below the anus, being 
rounded, simulating those found in F/i, prceputialia, while those 
on the lateral areas are in the form of much*broken ridges ; the 
transition from the one type to the other is gradual. 
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The four circumcloacal lateral papillae are provided with very 
long stalks, especially the 2nd and 3rd pairs. The ventral 
papillae in the immediate vicinity of the anus are small, and 
consist of three pre-anal papillie in a row, and two pairs post>anal, 
also in a row. Further down the tail there are three additional 
pail’s ; these are equidistant from each other, the most anterior 
being situated just behind the level of the last pair of stalked 
papillae. 

The spicules are slightly bent, unequal, and the right is 
stouter than the left ; both taper to sharp points, llie left is 
1*2 mm. long by 40 /x thick at its base, and the right is 560 
long by 57 fi thick at its base. 

Host: Mephitea chhiche. Stomach. Brazil. 

Types in bottle 4458 in the Vienna Museum. 

Some specimens of this species, collected from Mephites 
fnephitica, were handed over to me for identification by Mr. B.. I. 
Pocock, F.K.8. ; he obtained them from animals introduced into 
Northumberland (England) from Canada, but how long they had 
been in England before the parasites were collected it was not 
possible to definitely find out. I wish to express my thanks to 
Mr. Pocock for this material. 

This material diflbrs from the types studied in that they are 
slightly larger, and the bui’sa of the xnale appears rounded and 
lobulated ; however, I believe these characters of the bursa to be 
due to shrinkage, as the worms had been killed in formalin. 

Solanet in 1909 described another species — Pk. mephites — 
from Mephites mffocans^ Buenos Aires. Unfortunately I have 
not been able to consult his description, and consequently cannot 
discuss the relation of this species to Ph, masciUaris. 

The arrangement of the ventral bursal papillse, the presence of 
two uteri, general characters of the teeth, ally this species to 
Ph, semilanceolata, Ph. clausa, and Fh,papiUotru7icata. Ph, semi'- 
Ui'oceolata diflfers from it by its truncated outer tooth, more 
anterior position of tiie vulva, shorter left spicule, and type of 
ornamentation on the bursa. It differs from Ph, papilloiruncata 
by its longer and pointed spicules, ornamentation on the bursa, 
and smaller size of the adult females. Ph, clausa is distin- 
guished from it by the size of the spicules, markings on the 
bursa, and absence of a common trunk to the unpaired female 
genitalia. 

(5) Physaloptera anomala Molin, 1860. (Text-fig. 8.) 

The material examined consisted of thi’ee males and one 
female; type-material in bottle 4446 in the Vienna Museum. 
The material was in excellent preservation. 

The cuticle is finely striated ti-ansversely, and is partly reflected 
over the base of the lips ; the cervicjil papillse pierce it on either 
side from 320 to 400 p behind the level of the posterior end of the 
muscular ossophagus ; the excretory pore is found about 100 p 
further back. 
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The lips are large and conical, and each carries a large conical 
but blunt tooth ; the inner tooth is large and of ecpial height, 
with its free end divided into three points, of which the middle 
one is slightly shorter than the other two. No lateral teeth are 
present. Externally each lip carries a subdorsal and subventral 
conical papilla. 

The cesophagus has its anterior muscular part thinner than 
the rest, and the nerve ring encircles this part in its posterior 
quarter. Tlie cesophagus forms in the male about and in 

the female 1/5*6 of the total body-length. 

Female, 

Tlie solitary female was 36 mm. long and just under 2 mm. 

Text-figure 8. 



A Outer view of median teeth. 

H =5= Caudal extremit}* of male. 

broad in its middle ; the body is miudi attenuated in the anterior 
half, but only slightly so posteriorly; it is terminated by a 
bluntly-pointed tail, l/60th of the body-length, and having the 
caudal pores in its posterior half. 

The vulva is situated just behind the end of the cesophagus, 
and divides the body in the ratio of 1 : 4*2 ; it leads into a coiled 
vagina 1*9 mm. long by 95 thick ; this joins with a large and 
spacious egg-chamber 2 mm. long by 560 /i broad, which pos^ 
teriorly narrows suddenly to join the 400 p long common trunk, 
which is of the same thickness as the vagina. The posterior end 
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of the trunk divides into two branches, each of which connects 
up with one of the two uteri. 

Tlie eggs are thick-shelled and oval, measuring 38 ft long by 
26 ft broad. 

Male, 

The males are from 30 to 32 mm. long by 1 to 1*2 mm. broad; 
they are attenuated towards both extremities and the bursa is 
slightly incurved. 

The caudal bursa is large, and is covered ventrally by 
longitudinal rows of cuticular elevations. The four pairs of 
pedunculated papilla3 are situated three pairs pre-anal and a pair 
post-anal. Of the three pre-anal ventral papillae the middle one 
is nearer the anus. There are five pairs of post-anal papillae, of 
which the pairs 1 and 2 are small, and situated in a row imme- 
diately behind the anus. Fairs 4 and 5 are large, and are 
situated in the middle area of the tail. The distance between 
tlie 3rd and 4th pairs is about four times the dLstaiice between 
the 2nd and 3rd pairs, and twice that between the 4th and 5th 
pairs. 

The spicules are short and equal, each measuring 495 long 
by 32 ft broad at their base ; they are straight, tubular, and 
pointed. 

Host : Felia onca. Stomach. Brazil. 

Ty^Mja in bottle 4446 in the Vienna Museum. 

(6) PuYSALOPTERA MURis-BiiAsiLiENSis Diesing, 1861. (Text- 
fi??. 9.) 

Syii. Spiroptera hilalriata Mol., 1860 (nofc ISpiroptera hilahiata 
(Crep., 1829), Huj,, 1845). 

The material studied consisted of ten females in bottle 4525 
and two males in bottle 4524 in the Vienna Museum. This 
material constituted the types of this species. 

The cuticle forms a ring round the base of the head, but leaves 
the lips naked ; it is very finely striated transversely. The 
cervical papillffiare situated about 250 fi behind the level of the 
hind end of the muscular oesophagus, and the excretory pore is 
situated about lOOfc further back. 

The lips are large, and each bears two large outer papillse. 
The external tooth is small, and the inner is of the same size, 
foliaceous, and tripartite ; no additional teeth were observed. 

The muscular oesophagus is markedly thinner than the rest of 
the organ, and forms a little less than 1/lOth of its whole length. 
The nerve ring encircles it in its posterior l/4th. The oesophagus 
forms in the female about l/8th and in the male about l/6th of 
the total body-length. 

Female* 

The len^h of the female varies from 35 to 43 mm., with a 
maximum breadth of 1*1 to 1*75 mm. 
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The body is attenuated in its anterior third, but posteriorly 
a more or less uniform thickness ; it is terminated by a short 
and obtusely rounded tail, forming about 1/lOOth of the total 
body-length. 

The vulva is slightly protuberant, and is situated at about the 
junction of the first and second quarters of the body. It leads 
into a coiled vagina 2 mm. long by 80 p thick ; the egg-chamber 
is about 800 p long by 300 p thick and the common trunk about 
640 long by 112 fj. broad ; its posterior end divides into two to 
give rise to the two uteri. 

The eggs are oval and thick-shelled, measuring 45 fx by 26 p 
broad, and are fully ombryonated i)t utero. 

Mule, 

The two males were respectively 22 and 28 min. long, with a 
thickness of 870 and 950 p. They are attenuated in their 
anterior half and the posterior end is curved ventralwards. 


Text-figure 9. 



A =5 Anterior extremity of male. 
B — Caudal extremity of male. 


I 


The bursa is somewhat heart-shaped with a drawn-out tip, the 
lateral expansions being much better developed in their anterior 
half. Of the four pairs of pedunculated papillae three pairs are 
pre-anal. There are six pairs of ventral paired papillae and two 
unpaired papillae ; of these one pair and an unpaired papilla are 
pre-anal, the latter being nearer the anus. The first and second 
pairs of post-anal papillae are small and are situated in a row 
immediately behind the anus ; pairs 3, 4, and 5 are equidistant 
from each other, and are situated respectively at the 2nd, 
3rd, and 4th sixths of the tail; they are all larger than the 
first two pairs. The unpaired post-anal papilla is about midway 
between the 2nd and 3rd pairs, and is about twice as large as the 
latter. 
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The spicules are equal, straight, and pointed, each measuring 
400 fi long by 32 ft broad. 

Host : Mu$ braailienais. Stomach and small intestine. Brazil. 

Type males in bottle 4524, type females in bottle 4625, both 
in the Vienna Museum. 

Yon Drasche, in his account of this species, considers that the 
number and arrangement of the bursal papillsB may be somewhat 
diflerent, as the material he worked with was too opaque. By 
clearing the specimens in beechwood creosote, I was able to make 
out two additional pairs of ventral post-anal papillae, viz. pairs 
2 and 4, as well as the nature and lengths of the spicules. 

(7) PiiYSALOPTERA ALATA Rudolplii, 1819. (Text-fig. 10.) 

Syn. Spiroptera phyaalura Duj., 1845. 

The material examined consisted of some males and females 
from Falco gallima and some females from Falco pennatua ; both 
lots from tho Vienna Museum. 

These parasites have a somewhat slender body, whose cuticle 
is very finely striated transversely; the cuticle is either com- 
pletely reflected over the lips or else leaves them quite naked. 

The cervical p^ipillsB are found from 75 to 100 p behind the 
level of the hind end of the muscular cesophagus. The position 
of the excretory pore appeai-s to vary in that it was found in 
some specimens to \>e very slightly posterior to the cervical 
papilla*, whereas in others it was as much as 200 fi further back. 

The lips are somewhat spherical in lateral view, and each 
carries two terminal teeth ; the inner median tooth consists of 
three large denticles, and is larger than the outer tooth ; the 
outer tooth varies in size : in some specimens it is very small, 
whereas in others it is almost as large as the inner tooth ; a 
series of sizes can, however, be traced in different specimens, 
showing the tninsitions of the smaller to the larger sized outer 
teeth. Two somewhat slender external papillae are present on 
each lip. 

The (esophagus is straight, and forms in the males about l/6th 
and in the female 1/5*3 to 1/6*6 of the body-length. Its muscular 
part is thinner than the glandular, and is encii’cled by the nerve 
ring in its posterior quarter; it forms about l/9th of the whole 
organ. 

Female, 

The females from F, galUcua were all immature except one, 
and this specimen was 21 mm. long and 540/4 thick; those from 
F. pennatua were about 30 mm. long and 700 p thick, and were 
all mature ; the body is attenuated in its anterior half and also 
slightly in its posterior third ; in the immature forms th^ tail 
forms about l/45th of the body-length, but in the mature forms 
it is slightly longer. 

The vulva opens pmctically level with the general surface, 
and is situated relatively far back ; its position varies slightly, 
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dividing the body into the ratio of 1 : 1*()7 to 1 : 1*4. The vagina 
is straight, and may either pass forwards or backwards; it is 
muscular, about 1| mm. long and 60 /i thick. The egg-chamber 
may pass forwards with the vagina or be bent backwards ; it is 
about half the length of the vagina, and its breadth varies 
according to whether it is distended with eggs or not. Tlie 
common trunk is short, and is nearly 300 jx long ; its posterior 
end divides into two to give rise to the two uteri. 

The eggs are thick-shelled and oval, measuring on the average 
41 p long and 23 /x in diameter. 

Male, 

The two males are respectively 17 and 18 mm. long, and 
are '5 mm. thick in their posterior third. The body is much 
attenuated in its anterior half. 


Text 'figure 10. 



Fhysaloptera alata Kiid. 

A & B «= Ventral view of lips, showing variations in size of the external tooth. 

C *= Caudal extremity of male. 

The bursa is relatively narrow and lanceolate in shape. There 
are five pairs of pedunculated lateral papilla?, of which two pairs 
are pre-anal and the rest post-anal in position ; tlie anterior four 
pairs are equidistant from each other, whereas the di.stAnce 
separating the 4th and 5tb pairs is about three times tl)at 
separating tlie other pairs ; this last pair is also more ventinl in 
origin than the others. There are five pairs and an unpaired 
ventml papillae ; one pair and the unpaired papilla are situated 
in a triangle in front of the anus, the remaining four pairs being 
post-anal. The 1st and 2nd -post-anal pairs are small, and are 
found on the posterior margin of the anus ; the 3rd pair is 
situated just behind the level of the 4th pair of stalked papillae ; 
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the 4th pair is at the middle of the tail, and it divides the 
distance irom the last pair of pedunculated papillae to the tip of 
the tail in about the ratio of 1 : 2. 

The ventral suiface of the bursa is ornamented with longi- 
tudinal rows of tubercles extending slightly posterior to the last 
pair of stalked papillw. 

The spicules are short, equal, and pointed ; the right, however, 
has a slightly stouter base; they are 275 /a long, the left spicule 
being 25 and the right 30 g thick at its base. 

Hosts : Falco gallicus. Intestine. Museum, Vienna. ; bottle 
4439. 

Falco pennatus, Btomach. Museum, Vienna ; bottle 
4442. 

Discussion , — This material differs from Schneider's (1866), 
von Linstow's (1877), and Seurat's (1914c) descriptions of this 
species in the nature of the teeth and in the arrangement of the 
male bui-sal papillaj ; these two characters are in keeping with 
Ph, suhalata Schn., 1866, and PA. galinieri Seurat, 1914. As 
the specimens examined consisted of the paratypes of PA. alata, 
it appears to me that the conception of the species has been 
erroneous. Further, it would appear that Seurat's species Ph, 
galinieri is either a synonym or a variety of PA. alata, because 
it agrees with Jludolphi's species in the natuie of the teeth, the 
arrangement of the male bursal papillaj, the very posterior 
position of the vulva, and the anterior direction of the vagina; it 
differs from Ph, ulata in its relatively shorter oesophagus and in 
its slightly longer and aubequal spicules. 

Tiudolphi described this species from three hosts in the Vienna 
Museum, viz, Falco nism, F, pennatuSy and F, gallicus, I take 
his specimens from the first-named host to be the types of this 
species, and the material from the other two hosts to be the para- 
types. 

An extracted <lescription of PA. galinieri Beurnt is inclmled in 
Part II. 

(8) Physalopteba betusa Rudolphi, 1819. (Text-figs. 11 & 12.) 

Byn. Spiroptera reima (Rud., 1819), Duj., 1845. 

I have been able to examine two lots of material of this species, 
both having been collected from the Teguexin. The first lot 
consisted of specimens deposited in the Vienna Museum (bottle 
4497), and the second I collected from a Teguexin which died in 
the Gaixlens of the London Zoological Society. Both sets of 
material were in all respects identical. 

The cuticle is very finely striated tmnsversely and, in addition, 
shows a coarse irregular ringing. Anteriorly it is partly or 
wholly reflected over the lips. 

The cervical papillae are inserted generally symmetrically on 
either side, but sometimes one may be slightly more anterior to 
the other; they are lodged a short distance behind the junction 
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of the two oesophageal parts. The excretory pore is situated 
about 50 /I further back. 

The lips are large and somewhat triangular in side view, and 
each can*ies on its apex a large triangular tooth. Immediately 
internal to it there is a slightly larger but membranous tooth, 
whose free extremity is tripartite. No lateral teeth are present. 
Each lip bears on its outer surface two conspicuous papillae. 

The oesophagus is long, and in the female it is about l/7th, in 
the male slightly more or slightly less than l/5th of the body- 
length, Its anterior region is differentiated into a short muscular 
portion, about 400 fi long in fully-grown specimens and slightly 
thinner than the rest of the msophagus; the large nerve ring 
encircles it in its posterior quarter. 


Text-figure 11. 



Thysaloptera retusa Rud. 

A ~ Ventral view of cepUalic evtroinity. 

B ss External aspect of undian teeth. 

Female. 

The largest female measured 45 mm, long, and 1*2 mm. broad 
in the middle ; fully mature females varied in size from 20 mm. 
upwards. The body is rather robust, tapering only slightly 
towards both ends ; the tail, however, is sharply set off from the 
body, and is relatively short and slender ; it forms on an average 
1/107 th of the total body-length, and its caudal pores are situated 
in its posterior third. 

The vulva opens on a level with the general surface, and is 
situated some distance behind the end of the cesophagus. Its 
position varies slightly in different individuals, but in general it 
is seen at the junction of the 1st and 2nd quarters of the body. 
It leads in the largest females into a relatively short and thick- 
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walled vagina, about 1*1 mm. long and 100 /lc in diameter. The 
following egg-chamber is about 3/4ths of the length of the vagina 
and about twice as broad. The common trunk is very short, so 
that in some cases it appears to be absent ; its posterior end 
divides into two branches, each of which connects up with one of 
the two uteri. 

The receptacula seminis are slightly oval, 380 fi long by 280 fi 
broad ; they are distinctly constricted oif from the oviducts, but 
their junction with the uteri is very gradual. 

The eggs, which on the average are 43 fi long and 27 fc in 
diameter, contain fully-developed embryos in tUero; they are 
thick-shelled and oval. 

Male, 

The males are much smaller than the females, the longest 
measuring 20 mm. long and 570 /u broad. Anteriorly the body 


Text-figure 12. 



ThysaJoptera retnsa Rud. 

A = Loft spicule. 3i « Right spicule. 

C = Caudal extremity of male. 

(The scale alongside B refers also to A.) 

tapers very grad mil ly, but posteriorly hardly any narrowing 
takes place until a very short distance in front of the bursa; 
here the thickness becomes sharply less, so that at the juncture 
of the bursa it is only about 3/4ths of the thickness further 
forwards. 

The male bursa is large, measuring about 2*3 mm. long by 
1*1 rum. broad in the largest specimens, and is sharply reflected 
ventraiwai'ds. The cuticulav expansions are well developed, and 
the four pairs of pedunculated papillas supporting them are 
situated e(|uidistaut from each other, two pairs being pre-anal 
and two pairs post-anal. The ventral surface of the bursa is 
covered by numerous longitudinal rows of small protuberances. 
Proc, Zool. Soc. — 1922, No. LXIX. 69 
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There is one pair anti an unpaired median ventral papillae in 
front of tiie anus. These are so placed as to form a triangle with 
its apex directed towards the anus. Behind the anus there are 
five pairs of ventral papillae, of which tlie first two pairs are 
situatt'd immediately behind the anus. The third pair is placed 
at the junction of the 1st and 2nd (|uarters of th63 tail, whilst the 
4th and r)th pairs are situated further back, and are slightly 
approximated. Equidistant from these last two pairs there is 
seen wliat appears to be a very small papilla, but which probably 
is the opening of the caudal glands. 

The spicules are only very slightly unequal, the right spicule 
being the longer and more slender. Some difiiculty was en- 
countered in making out their lengths in cleared specimens 
because of their paleness, and consequently they were dissected 
out by means of a dissecting microscepe. The left spicule 
broadens posteriorly to about 90 ^ and then gradually tapers to a 
point ; it is 455 fi long, and 32 broad at its base. The right 
spicule, which is 475 /a long, and 45 ju broad at its base, tapers 
gradually to a point, and in all the males examined its posterior 
extremity was recurved. 

Host: Tnpivmihis iegitexin. Stomach . Bn^zil. 

In addition to the material described al)ove, I liavo also 
examined a few specimens from the inouth of a Hog~nosed Snake 
{Heierodoti platyi'hlnus, S. Ameiica) which I have referred to I lie 
above species. They agree with Pk, retuaa in practically all 
respects except in the size of the spicules, which in tliis material 
are equal in length and 300 p long. Their shapes, however, 
are identical with those described above. 


(9) PiiYSALOPTERA MONODENS Moliii, 1800. (Text-figs. 13 & 14.) 

The material on which the study of this species is based was 
collected from Boa constfdclor and deposited in bottle 4459 in 
the Vienna Museum. 

The cuticle is finely striated and completely reflected over 
the lips. Tiie cervical papillfe vary in their position, in some 
ca.ses being at the level of the hind end of the muscular (eso- 
phagus, and in others as much as 300 /x further hack. The 
execretoiy pore is situated about 400// behind the muscular 
(esophagus. 

The lips are dome-shaped, and each bears a small subdoisal 
and subveutral external papilla. The two median teeth ore of 
unequal size, the inner one being much smaller; the outer tooth 
is sharply conical, the inner foliaceous and tripartite ; they are 
rather small. 

The muscular oesophagus forms about 1/1 0th of the whole orgaUi 
which is about 1/5*3 of the bodydength in the male and l/8th in 
the female. Tiie nerve ring encircles its muscular poriion in its 
posterior quarter. 
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Femah, 

Mature females vary in lengtli from 25 to 40 irmi., with a 
maxiiuuui thickness of 850 to 960 fi ; Its greater portion is of 
more or less uniforili thickness, tapering being confined only to 
the last few millimetres of the two extremities. The tail is 
obtuse, and forms about l/7r)th of the body-lengtlj. 

The vnlv^M is protuberant, and its position divides the body into 
tlie ratio of 1 : 5, It leads into a slightly coiled vagina 1*6 mm. 
long by 65 ju thick. The following egg-chamber is relatively 
short and thin, being 640 /x long and 130 /ix in diameter. The 
common trunk is very short, being only 160 long and us tliick 

the vagina ; its posterior end divides once to give rise to the 
connections of the two uteri. 

The ri‘cepta,cula seininis are oblong, 240^ long and 175^t in 
diameter. 

The eggs are thick-shelled, oval, and embryonated in utero; 
tiny measure 45 by 26 yn. 


Male. 

fn the males the body is attenuated only in its anterior third ; 
the longer specimens ^a^ictl from 18 to 23 mm. long ))y 710 to 
770 /j tliick. 

Text-figure 13. 



J*hifsaIoptera monodens Mul. 

A — Cephalic extremity, lateral view. 
B « Cephalic extremity, ventral view. 


T'he bursa is ovoid, lias well- developed ala^, and its ventral 
surface shows longitudinal rows of small irregularly rounded 
tul)ercles. The three a nterior pairs of stalked papiilaE^ are pre-anal 
in position. Of the three pre-anal ventral papillje the central 
one is the largest, and is situated closer to anus than the otlier 
two. There are five pairs of post-anal ventral papillte, of which 
the fii’st two pairs arc^ small and situated in a row immediately 
beliind the anus ; the 3rd pair is slightly oblicjuely place<l at 
about the junction of the 1st and 2nd sixths of the tail; the 
4th pair is just in front of the middle of the tail. The 
<listauce separating the 4th from the 5th pair is slightly Jess 
than that between the 3rd and 4th pairs. The caudal pores 

69 ^ 
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are conspicuous, and are found between the last two pairs of 
ventral papilla?. 

The spicules are unequal, and the left has its end broadened out 
to form a kind of spear-head ; it is 415 /u long and 38 fi broad at 

Text-figure 14. 



Fhysalopteva monodem Mol. 
A — Caudal extremity of male. 
B Eight and left apicules. 


its base. The right spicule is shorter and thinner, ami tapers to 
a fine point ; it i.s 362 /a long by 32 fx broad at its base. 

Host: Boa comtrictor. Stomach and intestine. South America. 

Types in bottle 4459 in the Vienna Museum. 

For affinities see Ph, obtusissima, 

(10) rnYSALOPTERA oBTUSissiMA Moliii, 1860. (Text-figure 15.) 

The specimens of this species which were examined were 
deposited in bottles 4463 and 4470 in the Viemna Museum ; in 
both cases the host was simply given as Colubri^ N. 58. 

The cuticle is slightly reflected over the base of the lips, and is 
provideil with a fine transverse striatitm. The cervical papilla? 
pierce it from 130 to 225 /i behind the level of the posterior end 
of the muscular (esophagus, and the excretory pore is situated 
about 100 /A further back. 

The lips are hemispherical in lateral view and slightly flattened. 
The external tooth is large and bluntly conical, and is slightly 
bent outwards ; tbe inner tooth is membranous, triparite, and of 
the same height a,s the outer. Tlie two external lip papilla? are 
large. 

The (jesophagus is stiuight and short ; in the female it forms 
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about l/9th and in the male about 1/7 th of the total bo<ly* 
length. Its muscular part is slightly thinner^ and the nerve 
ring is situated in its last quarter. 

Female. 

The females are rather slender, mature worms vaiying from 
28 to 47 mm. long by 650 to 720 fx thick in their posterior third. 
The body is much attenuated in its anterior half and in its posterior 
quarter. The tail is short and bluntly conical, and forms l/80th 
of the body-length ; its caudal pores are situated behind its 
middle, and their position divide the tail in the ratio of 3 : 2. 

The vulva is situated on a slight elevation at the junction of 
the 1st and 2nd quarters of the body. It leads into a stiuight 
vagina 1*5 mm. long by 65 ^ thick; tlie following egg-chamber 
is oblong and 040 /a long by 175/4 broad; the common trunk is 


Text-figure 15. 



Thysalaptera obttisissima Mol. 

CttuJttl extremity of male, 

short, and half again as thick as the vagina ; it is 320 fi long, and 
its posterior end divides to give rise to two branches, each of 
which joins up with a uterus. The proximal parts of the uteri 
may be much convoluted in some individuals ; posteriorly each 
terminates in a receptaculum seminis, which is long and oval, 
measuring 400 p long by 160 broad. 

The eggs are fully embryonaied in niero ; they are oval and 
thick-shelled, and measure 45 by 26 /i. 

Male. 

The males are comparatively stouter than the females ; they 
vary in length from 20 to 32 mm., with a maximum thickness of 
700 to 720 /I, The body is attenuated only in its anterior third. 

The caudal bui*sa is elongate and somewhat lanceolate in 
shape; its alee are well developed and its ventral papillae are 
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large. The stalked papillee are eqaidistant, two jmirs being pre- 
anal and two pairs post-anal. Of the three pre-anal ventral 
pa])illfe, the central one is large, and is situated nearer the rim 
of the anus ilmu the other two. There are four post-anal sessile 
papilla*, of vhicli the first two pairs are small and aiTanged in 
11 row immediately behind tlio anus ; the 3rd pair is slightly 
obliquely placed just behind the level of the Inst pair of stalked 
papilla* ; the 4th pair is at about the middle, and the last pair at 
the junction of the 2nd and last thirds of the tail. 

The spicules are short and slightly unequal; the right is 385 p 
long by 38 broad at its base, and tapers to a fine point ; the 
left is fjL long by 38 p broad at its base; its posterior half 
bi'oadens out to about 74 /a to form a com i^ara lively largo spear- 
head. 

The ventral surface of tlie tail is traversed by longitudinal 
rows of irregular tubercles of the same size and shape as those 
found in P. monodens. 

Host : Coluhri^ K. 58. Brazil. 

Tlvis species appears io be closely allied to /V/. monodens^ ^vith 
whicli species it agrees in the aiTangeuieut of tin* caudal pa})jlhe 
of the male, the gt*neral shape of the spicules, markings on the 
Inirsa, and size of the eggs. It differ.s from this species, how(‘\er, 
in its larger teeth, more posterior position of the vulval aperture, 
shorter a?soj)hagus and larger receptacula seminis. 

Yon Drasche (1883) .states that the inner teeth are ^orv small ; 
my observations showed that they were in nearly all cases of the 
same size as the outer teeth, and could be easily se(*n fiom either 
lateral or veiitral (dorsal) views of the Hj^s. 

(11) ItoSALOPTERA BONNEJ, sp. 11 . (Text-fig.S. If) it 17.) 

' The material consisted of four females and two males, collected 
from a *SSnpakara,” Dutch Guiana; the females varied in length 
from 41 to 50 mrn., and the males are respectively 26 and 33 mm. 
long. 

1Iie (uiticle is transversely striated, the stria* being about 
fx 4 apart. In addition there i.s a. very distinct and coarse 
ringing.. It is only very slightly reflected over the base of the 
lips. 

The cervical papillae are situated some distance behind the 
junction of the two fesophageal parts, this distance being about 
half the length of the muscular cesophagus. The excretory duct 
opens to the exterior about 150 /a further back. 

The lips are somewhat flattened, and each has two outer 
papilhe. Only two teeth are present on each lip, an outer and 
an inner median tooth. They are of the same size, the outer 
being conical and obtuse, whereas the inner is membranous and 
tripaidite. 

The muscular resophagus is only slightly thinner than the 
glandular, and the nerve ring is situated at the junction of its 
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3rd And last quarters. The whole organ forms in the male 
1/5*6, in the female l/7’6 of the bodydength. 

FemaU. 

The female is slightly attenuated towards both extremities, 
and is terminated posteriorly by a slender tail, forming l/56th part 
of the body. Its caudal pores are situated at the junction of its 
2nd and last thirds. The maximum breadth of the largest 
female is 1*3 mm. just behind its middle. 

The vulva is situated in a depression partly overhung by an 
anterior cushiondike thickening of the body ; it divides the body 
in the ratio 1 : 2*6. The vagina is coiled, and is 1*2 mm. long by 
95 fji thick ; the following egg-chamber is about 1 mm. long and 
twi(;o as broad as the vagina ; its posterior end divides into two, 
and each branch joins up with a uterus, a common trunk being 
absent. The anterior half of the vagina, the egg-chamber, and 
the terminal portions of the uteri are directed forwards, the 

Text-figure 16. 



IPhysdloptera bonnei, sp. n. 

A 3= Outer view of luedian teetli. 

B ^ Terminal portion of fuumle genitalia. 

C == Keceptaculum seminis. 

uteri extending as far as the base of the (esophagus, when they 
bend sliarply backwards and pass almost to the posterior end of 
the body. Tlie recejitacula seminis are pear-shaped, and are 
480 p long by 265 p broad at their junction with the oviducts. 

The eggs are elongate, oval, and thick-shelled, and contain fully- 
developed embryos ; on the average they are 42 p long by 
25 /ct broad. 

Male. 

The males are much thinner than the females, the diameters 
of the larger and smaller worms being respectively 950 and 850 fi. 
The bursa is large, forming about 1/1 4th of the body-length, and 
is nearly twice as long as broad. Yentrally it is ornamented 
with longitudinal rows of cuticular elevations. The four pairs of 
pedunculated lateral papillae ai'e equidistant, two pairs being pre- 
anal and two pairs post-anal. The three pre-anal papillae are 
situated in a row just above the anus. Behind the anus there 
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are five pairs of sessile papillse, of which the first two pairs are 
small and inserted in a line just behind the anus ; the 3rd pair 
is found at the level of the last part of pedunculated papillae^ the 
4th )>air in the middle of the tail, and the last just anterior to 
the front limit of the posterior third of the tail. 

The spicules are of equal length, but the base of the right is 
very slightly thicker than that of the left. They are 455 /i long, 
the right being 29 /a broad at its base and tapering gmdually to 
a fine point, the left being 32 fi thick as its base and having its 
posterior end widened out to form a spear-head IGO/u long by 
95 fjL broad. 

Host : “ Sapakara.” Stomach. Dutch Guiana. 

Types in the Helminthological Department of the London 
School of Tropical Medicine. 

Text-figure 17. 



Phygaloptera honnei^ sp. n. 

A « Caudal extremity of male. B = Spicules, 


This species has many characters in common with i%. ohtmia-^ 
sima, as shown by the general shape, ornamentation and arrange- 
ment of the papillae of the male bursa, the nature and size of the 
teeth, and the general shape of the spicules. It is, however, 
distinguished from it by its longer cesophagus, slightly more 
posterior position of the vulva, the presence of a cushion-like 
swelling anterior to the vulva, the absence of a trunk portion 
behind the egg-chamber, and in that the spear-head of the left 
spicule is better set oK 

I have named this species after Dr. Bonne, of Surinam, who 
collected and presented this material to Professor Leiper. 
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(12) Physaloptbra phrynosoma, sp. n, (Text-figure 18.) 

Numerous specimens were collected from several lizards which 
had died in the Gardens of the London Zoological Society; 
unfortunately only a few of the females are mature. 

The parasites are slender and much attenuated anteriorly; 
their greatest diameter is in their posterior third. 

The cuticle is smooth (?), and is not reflected over the lips. 
The cervical papillie are situated just in front of the level of 
the junction of the two cesophageal parts, and the excretory pore 
from 60 to 100 /i behind them on the ventral surface. 

The two lips are somewhat conical, and each is suimounted by 
a large conical tooth, which is inclined slightly outwards ; no 
other teeth are present. Each lip has two papilhe on its outer 
surface. 

The cesophagus is straight, and varies in the feinale.s from l/6th 
to l/7th. and in the male it is slightly loss than l/5th of the 
total body-length ; its anterior muscular part pasKses gradually 
into the following glandular part, there being little difference in 
the diametei-s of the two. The nerve ring encircles its anterior 
part just in front of the junction of its third and last quarters. 

FenutU. 

Fully mature females vary in length from 18 to 23 mm., with 
breadth from 610 to 760 fi in their posterior third. The genital 
aperture is non-protubeiant, and is situated more or less at the 
junction of the first and second body thirds ; its position varies 
slightly in different individuals, being sometimes slightly in front of 
or slightly behind this level. It leads into a short and thick- walled 
vagina, 380 long by 38 p in diameter \ this in turn leads into a 
well-developed egg -chamber measuring 950 p long by 152 p 
broad ; the posterior end of this chamber narrows suddenly and 
passes into a short common trunk, which after a very short 
trajeot divides into the two uteri; the uteri i)ass parallel to each 
other into the posterior sixth of the body. 

The eggs ai*e oval and thick-shelled ; they measure 50 p long 
by 36 p in diameter. 

The receptacula seininis are small and oval, measuring 133p 
by 86 p. 

The tail is relatively long and slender, forming l/36th of the 
total length ; its caudal pores are situated just behind its middle. 
Male. 

The males are much slenderer than the females, their average 
length being 11 mm. by 470 p broad. The caudal bursa, has well- 
developed aliB, and its ventral surface is covered with longitudinal 
rows of small tubercles. Two pairs of the stalked papillte are 
pre-anal, and two pairs are post-aual in position ; they are more 
or less equidistant fwm each other, but the pre-anal pair nearest 
the anus is slightly more dorsal in origin than the others. There 
are three venti*al pre-anal papilke, the median unpaired one being' 
situated nearer the anus than the other two. Immediately 
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posterior to the anus there are two pairs of small papillce close 
together, the one pair being slightly behind the other pair ; 
a small distance behind these there is another pair somewhat 
obliquely placed and also larger; posterior to the middle of the 
tail there are two further pairs dividing this part of the tail 
into thirds. 

The spicules are unequal, the right being slightly stouter than 
tlm left; both taper to fine points. The right spicule is 180/i 
long and 10;* broad at its base, while the left spicule is 530 /x 
long and 9 ^ broad at its base. 

Hosts: Phrynosoma cornvhm, P. regale. Stomach. Brazil. 

Types to be deposited in Britisli MuReuni of Natural History, 
London. 


Text-figure 18. 



200 //- 


JPhytaloptera jphrpiosomaj sp. n. 

A = Ventral view of cephalic extremity, 11 « Caudal extremity of male. 

Affinities -- Ph, ahhreviata has been recorded from this host, 
but it seems doubtful whether the determination was correct ; 
this species was present in nearly every one of the specimens of 
Phrynosoma^ examined by me, which numbered about a dozen, 
and was the only species present ; it is therefore possible that 
it was this species which was mistaken for Ph, ahhreviata. As 
redescnbe<l hyHeurat (19145 and 1917«), Ph, ahhreviata h rowdily 
distinguished from Ph, phrynosoma by the fact that it has four 
uteri, wdrereas the latter has only two. 

The presence of two uteri and a single tooth to each lip allies 
this species to Ph, gracilis^ sp. n., and to Ph, longissima, sp. n. ; 
it is, however, easily sepamted from these two species by its 
much shorter and relatively stouter body. 
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(13) Phtsaloptbra obacili®, sp. n. (Text-fig. 19.) 

The material consisted of about lialf-a-dozen specimens, all of 
which were coiled up watch-spring like ; as no mature eggs were 
observed, it is probable that the worms, although fully developed, 
had not yet reached the reproductive stage. 

The cuticle shows a very fine transverse cuticular striatiou, 
and it may be partly or wholly reflected over the lips. 

The cervical papillje are situated at the level of the junction of 
the two (esophageal parts or just posterior to this ; the excretory 
pore is situated on the ventral surface about 40 /x further back. 

The lips are simple and triangular in side view, and each is 
surmounted by a large external tooth, triangular in shape, and 
having a spike-like internal tooth attached to its inner surface ; 
a row of small denticles is present, on either side of it, each row 
being terminated laterally by two larger (lenticles. External 
lip pa})illa* wore not observed. 

The icsophngus is slemkn*, and retracted from the lip.s, so that 
an elongate (^liamhei* is f()rine<l h(-*twf*oji it and the lips. The 
muscular part is slightly thinner than the following glandular 
part, and forms in tlu* male l/12th find in tho fennale 1/1 4th 
of tlu' whole organ. The whole wsophagus forms in the male 
about. l/7tb and in the female 1/6*2 of the total length of the 
body. The nerve ring divides the muscular (esophagus in the 
ratio of 3 : 2. 

Female, 

The females vary in length from 20 to 24 jum., and in breadth 
from 240 to 230 /x ; the body is attenuated towards both 
extremities, but this is only slightly evident p<)steriorly. The 
tail is short and pointed, and forma l/97th })art of the total 
length. 

The vulva is non-proluberant, and leads into a straight vagina 
410 /X long by 45 /x broad: the egg-chamber which follows is 
about as wide again as tlie vagina, and is 730 fi long ; the common 
trunk has more or less the .same dimensions as the vagina ; from 
its posterior end the two uleri take their origin, and the.se pass 
down the body more or less parallel to each otlier. The position 
of the vulva divides the body into the ratio of 1 : 2. 

No mature eggs were observed. 

Male, 

The males average about 19 mm. in length by 230 /x broad; 
they ai*e more slender than the females, and do not become atten- 
uated toward.^ the posterior end. 

The bursa is small, forming l/36th of the body-lengtli ; it is 
nearly 2| times as long as it is broad, and its wddth is only very 
slightly greater than the maximum body-breadth. Its ventml 
surface is free from cuticular protuberances, except for a small 
aim surrounding the anus. 

The lateral stalked papillae are armnged three pairs pre-anal 



1040 


ME. R. J, ORTLBPP ON THE 


and one pair posfc-anal ; the 1st pair is more ventral in origin 
than the others, and is also closely approximated to the 2nd 
pair; the remaining pairs are equidistant from each other. 
There are three pre-anal and four pairs of post-anal ventral 
papillae ; the Jst pair of post-anal papilheare situated immediately 
behind the anus, the 2nd and 3rd pairs are near together just 
behind the middle of the tail, and the last pair midway between 
the 3rd pair and the tip of the tail. 

The spicules are unequal, the right being short and stout, 
measuxdng 105 long by 23 ^ broad, the left being slender, 
measuring 273 p. long by 7 fx broad at its base ; the right spicule 
tapers to an obtuse point, wlioreas that of the left side forms a 
very fine point. 

Host : “ Lizard.’'* Uganda. 

Types in the HelniintJiological Department of the London 
School of Tropical IVIedicine. 


Text-figure 19. 



C ~ Inner view of lip. D = Cauilal extremity of mule. 

Dismssmu -liht arrangement of the bursal j>apill£e in the 
male, the absence of cuticular markings on the greater part of 
ventral surface of tlje caudal extremity of the male, .and the 
character of the lips and its teeth — eadi of these distinguish this 
species from all the other reptilian didelpboid forms. 

There is some similarity in the arrangement of the bursal 
papillae of this species to that found in Ph, leptosoma (Gervais), 
Seurat, 1917, except that just behind the anus there are two 
pairs in this latter species instead of one. PA. gracilis^ however, 
is easily distinguished from this species by the additional 
characters of a more elongate body and of much shorter spicules. 



NEMATOBlfi GENUS PHYSALOPTEBA* 


1041 


(14) PlIYSALOPTBRA LONGISSIMA, Sp. n. (Text-fig. 20.) 

The material consisted of about two dozen specimens, some of 
which were still immature. The specimens are remarkable for 
their slenderness, the largest females having a thickness of less 
than 500 /a. The body shows very little attenuation towards the 
extremities. 

The cuticle is finely striated transversely, and in some cases it 
forms a small swelling round the head, whereas in others it is 
reflected over the lips. 

The cervical papillap and excretory pore occupy a very anterior 
position, the former being found at the level of the nerve ring, 
and the latter half-way between the nerve ring and the level of 
the base of the muscular msophagus. 


Text-figure 20. 



Physalopfera longissimctf sp. n. 

A ~ Vcatral view of cephalic exti'oraity. 
n = Caudal extremity of male. 


The lips fire rounded, and each carries only a single tooth, 
namely the external median ; this tooth is triangular in shape, 
and has its tip slightly reciuwed outwards. Each lip carries two 
outer papillir. 

There is no difference in diameter in the two oesophageal 
parts, the two merging gradually into eaclv other; the wiiole 
organ attains 1 7*6 in the female and 1/6*6 in the male of 
the body-length : the muscular part, vvliich is encircled in its 
middle by the nerve ring, forms nearly l/8th of the whole 
organ. 

Female. 

The largest females are 30 mm. long by 438 p broad, and 
possess a vulva which is situated just in fiont of the middle of 
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the body, dividing it in the ratio of 7 : 8 ; it leack into, a straight 
vagina 1*3 inm. long, which* is directed posteriorly ; it then turns 
forwards to join the trunk, which in its middle bends back again ; 
it is 3^5 mm., long and its anterior half is only slightly differ- 
entiated into an egg-chaml)er ; the posterior end of the common 
trunk divides to give rise to the two uteri. The uteri pass 
posteriorly almost to the hind end of the body, then pass 
forwards before joining the oviducts and ovaries, whicli in their 
turn pass backwards again. 

The body is terminated by a short and rounded tail forming 
nearly l/ll)0th part of the body-length. 

The eggs are long, oval, and thh'k-shelled, measuring 50 /x lotig, 
32 /t broad, the thickness of the shell being 5 p. 

Male. 

The males average about 22 mm. long by 325 p broad in tiieir 
middle. 

The buiva is not sharply .sot off from the body, and is c»n1y 
slightly broader than it; it forms about l/28th of the body- 
length ; it is little more than twice as long as it is broad, ami its 
ventral surface is devoid of cuticular markings. 

The four pairs of stalked papilla? are all prc-anal in position, 
and Hrrange(l in two widely-separated groups of two piiirs each, 
No ventral pre-anal papilhe were seen. Ikdiiml the anus there 
are four pairs of shortly stalked papilla?, wldch are e(padistaut 
from each oilier and from the anus. They are situated somewliat 
laterally. 

The spicules are unequal, the left being nearly twice as long as 
the right; tlie left spicule is slender, and ta]>ers lo a fine point; 
it is 54()p long by 22/4 broad at its base; the right spicule is 
from 228 to 300 /x long by 32 /x broad at its bruse ; near its liase it 
has a, distinct nock, after which it widens out and then tapers to 
an obtuse point. 

liost : •‘Snakes.’^ Au.stralia. 

Types in the Helminthological Department of the Loiulon 
School of Tropic.al Medicine. 

/>i>jcas8ma.--“This species is easily separated fiom all the 
didelplioid Physaloptera ^^1) by the arrangement of the stalked 
bursal jjapilla?, these being entirely pie-anal and arranged in two 
widely-separated groups in this species; (2) by tlie aiTangomxmt 
and number of the post-anal ventral paj/illa? ; and (3) by the 
entire absence of cuticular markings on the ventral surface of 
the tail of the male. 

The elongate and slender body shows some similarity to 
P/<. gracilis^ sp. n., from which species it is, however, quite 
ilistinct, as shown by the above-named three cluuticters; it 
also differs from this species by the difference in sluipe of its lips 
and teeth, by the more jiosterior position of its vulva, and by 
its larger spicules. 
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(15) Physaloptbra pr2BPutialis yon Linstow, 1889. (Text- 
figs. 21 4&; 22.) 

8yn. Chlamydonenia fdinem Hegt, 1910. 

Several lots of material were examined, mostly from cats. 

The body is slightly attenuated anteriorly, and is surrounded 
posterioxdy by a very loose cuticle, which is partly or wholly 
reflected over the tail region. The cuticle shows a very fine 
transverse cuticular striation, and is only slightly reflected over 
the lips. 

The excretory pore and cervical papillae are situated relatively 
far back, the former being more posterior in position than the 
latter. The distance from the anterior end to the cervical 


Text-figure 21. 



J^hysaloptcra praputudis v. Linst. 
A l4itenU view ol ccplialic extremity. 
B Caudal extremity of male. 


papillfB in a male 15 rnm. long is 875^ and the excretory pore 
990 p ; ill a female 17 nun. long these distances were 952 p and 
1 1 23 p respectively. 

The lips are large and conical, and each c;jrries a subdorsal 
and subventral external papilla. The external median tooth is 
large and bluntly triangular ; the inner median tooth is of the 
same height as the outer, and is flattened and tripartite. 

The (esophagus is long, and varies in the female from 1/4*8 to 
1 /5’4 of the body-length ; in the male it forms about 1 /4*5 of the 
body-length. The muscular portion of the cesophagus is slightly 
thinner than the glandular, and is encircled by the nerve ring at 
the junction of its second and last thirds. It forms about l/8th 
of the whole (esophagus. 
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Female. 

The females tire generally large, and vary in length from 15 to 
48 mm. with a maximum thickness of 1 to 1*7 mm. in their 
posterior half. 

The vulva opens a short distance in front of the middle of the 
body. It is non-protuberant, and its position divides the body 
into the ratio of 1 : 1*4 to 1 : 1*1. It leads into a thick- walled, 
straight or bent vagina 1*6 mm. long by 114 ^ thick in a female 
20 mm. long ; its posterior part gradually passes into the egg- 
chamber, which broadens out posteriorly so as to assume a more 
or less pyriform shape : in the same female it was 820 fi long by 
228 fi thick at its posterior end. Two uteri take their origin 
from the posterior margin of the egg-chamber, a trunk pi^rtioii 
being entirely unrepresented. Tlie mode of origin of the uteri is 
very characteristic, and differs from all those already describeil ; 
they arise from the posterior lateral margins of tlie egg-chamber, 
and not from its base. It thus happens that the uteri, 
although arising at the same level, are yet fai* i-emoved from 
each other. 

In most individuals a dark and detaclmble chitinous ring 
surrounds the body in the region of the vulva. 

The tail is conicjil and rounded at its tip, and forms from 
l/53rd to l/66th part of the bo<ly-length. Its camlal pores open 
in its posterior half, and their position divides the tail into the 
ratio of 3 : 1 . 

The eggs are oval and thick-shelled, and contain a fully- 
developed emljryo ; they average 49 ^ long by .35 fx in diameter. 

Male. 

The length of the males ^aries fi*om 13 to 40 mm. by *7 to 
1:3 mm. thick in their posterior thii-d. 

The tail is elonga,te, and is often closely retlexod on to tlio 
ventral surface. Its median ventral Miiface is ornanientefl witli 
con.'ipicuous and rounded tubercles ariangeil longitudinally ; 
toward the lateral margins of the tail and on to the ahe 
these tubercles become gradually leplaced by longitudinal ridges, 
each having a few relatively far removed laeaks along its 
course. 

The caudal region, witliin the cuticular reduplication, apjiears 
jKunted ; this is due to tlie fact that the caudal alee, although 
present, do not open out laterally, but remain irregularly folded 
towards the ventral surface of the tail. The fours pairs of 
stalked papillae are thick and equidistant from each other, two 
pairs being pre-anal and two pairs post'anal. The three pre- 
anal ventral papillae are in a transverse row, and the median one 
is much larger than the other two. Just behind the anus, one 
pair immediately following the other, there are three pairs of 
ventral papilla. Two additional pairs of ventral pjipillae are 
found further down the tail, and their positions divide the tail 
roughly into thirds. 
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The spicules ai'e unequal, pointed, and genemlly curved. The 
left spicule appears to vary in length from 1 to 1*2 mm., with a 
thickness of 32 ^ at its base. The right spicule is slightly 
stouter than the left ; its length also appears to vary from 840 to 
900^ with a thickness of 38 /a at its base. 

Hosts : Felis catm domesticus, 8tt»mach. Federated Malay 
Bbites, British and Dutch Guiana, China and 
Ceylon. 

FelU nebviosa, India. 

Felia pardus. Stomach. Nigeria, 

Although my observations as regards the arrangement of the 
caudal pupil lae in the male, the position of the vulva in the 
female, and the size of the eggs <liffer considembly from those of 
von Listow, yet i am quite satisfied that my material belongs to 
the same species. 

Text-figure 22, 



Phy$aloptera praputialis v. Linst. 
Terminal portions of female genitalia. 


The prepuce-like fold of the cuticle over the tail, the rounded 
wart-liko tubercle.s on the ventral surface of the tail of the male, 
the nature of the teeth, the presence of a ring round the body in 
the vulval region of the female, and the fact that his material is 
described from Felia cattia^ easily counterbalances the difi^erences 
in the arrangment of the bursal piipillaj. Von Linstow states 
that this arrangement may be found to be different, as he had 
only one male for examination, and this specimen he found 
difficult to study. The ventral papillce, according to von Linstow, 
are three pre-anal, one pair immediately behind the anus, three 
papillte towards the tail end, and an additional pair slightly in 
front of these three. He gives the average length of the female 
as 30 mm., with the vulva 8 ram. from the cephalic extremity 
and the eggs as 55 by 33 /u. 

Pftoc. ZooL. Soo. — 1922, No. LXX. 


70 
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(16) Physalopteha malayensis, sp. n. (Text-fig. 23.) 

In external appearance this species appears to be identical 
with Fh. prmputialis v, L., with which species it was at first 
confused. This applies especially to the female, where there is a 
corresponding similarity in the genitalia. 

The cuticle is veiy slightly reflected over the base of the lips, 
and in most cases the lips are (juite naked. The cervical papilla^ 
are situated about 130 p beliind the level of the hind end of the 
muscular oesophagus, and the excretory pore is found about lOOp 
further back. 

The lips are rounded, and each bears a large triangular and 
slightly recurved outer tooth, internal to which is the foliaceous 
and tripartite inner tooth of equal height. 

The oesophagus forms l/5tli in the male and l/Ctli in tlio 
female of the total length ; its anterior muscular part, which is 
encircled in its posterior third by the nerve ring, is slightly 
thinner than the following part, and forms nearly 1/lOth in the 
female and l/7th in the male of the total organ. 

Female. 

Mature females vary in length from 29 to 38 mm., with 
breadth of from 1'6 to 2*1 mm. The body is attenuated in its 
anterior third, but posteriorly, because of the looseness of the 
cuticle and its reflection over the tail, there appears to be only a 
very slight thinning. 

The vulva opens on a slight bulging, and is situated far hack, 
just in front of tlie middle of the body ; its position divides tlie 
body in the ratio of 1 : 1*2 to 1 : 1*5. Externally the position 
of the vulva is indicated by a dark cbitinous and detacbablo band 
encircling the body. The vulva leads into a vagina, which pro- 
gressively thickens posteriorly to join a progressively thickening 
egg-chamber ; at its vulvular end the vagina is 100 p thick, at 
its posterior end it is 200 p thick, and the hind end of the egg- 
charnber is 330 p in diameter ; the whole organ is straight, and 
measures .about 3*3 mm. long. From the Imsal end of this organ 
the two uteri take their origin like two horns in tlie .si, me 
manner a.s in Ph. prcf'putlalis. 

The eggs are small, tlnck-.shelled, and only slightly ovoid ; 
they are 35 p long by 28 to 32 yu. bron<l. 

Male, 

The males are attenuated in their anterior half, and have in 
most cases tlie cuticle completely reflected over tlie tail end ; 
they average in length from 18 to 21 mm., with a maximum 
breadth of 0*9 to 1*2 mm. 

In consequence of tlie cuticle being reflected over the tail, the 
bursal expansions are irregularly folded over the ventral surface; 
they are supported by the usual four pairs of circumcloacal 
stalked papillie. Tlie whole of the ventral surface is traversed 
by well-marked and unbroken longitudinal ridges running more 
or less parallel to each other. The three pre-anal ventral papillas 
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are arranged in a row, and the central one is the largest. Tl\ere 
are five pairs of ventral post-anal papillfie ; pairs 1 and 2 are 
small, and arranged in a line immediately behind the anus. The 
3rd and 4th pairs are approximated to each other just behind 
the middle of the tail, and the last pair is at about the junction 
of the second and last thirds of the tail. 

The spicules are unequal, tlmt of the left side being about 
2| times as long as that of the right side ; their lengths appear 
to vary in difterent individuals, but this niny probably be due to 
the fact that the spicules do not lie straight in the body, hut 
often liave a wavy course ; it is thus difficult to measure them 
accuratedy ; in this way the left spicule was found to vaiy from 
1*4 to 2*r) mm. in length, with a thickness of 32// at its base; 


Text-figure 23. 



Jt*Jit/salopfera mahipensis, sp. ii. 

A ~ Latorul \ic>w of cephalic extremity, 11 =» Out«‘r vi(‘w of median teeth. 

(' ~ Caudal extremity of male. 

the right spicule is slightly stouter, and varies in length from 
580 to 957 p, with a breadth of 30 p at its latse. Although 
there is this marked variation in the sizes, yet. it is worthy of 
note that the ratio of the two spicules was nearly the sjiuie in all 
cases. Unfortunately there was not sufficient material to allow 
for the dissecting out of the spicules in a series, in onler to 
determine whether this variation was only apparent or real. 
Hosts : FeHs chaits. Intestine. Federated Malay 8t.ates. 

Fells tigris. Stomach. Federated Malay States. 

“Tiger cat.*’ „ Fed eiuted Malay States. 

“Bush cat.” „ Nigeria. 

“ IIya?aa.” Prob. i/. striata* Stomach. Nigeria. 

70 * 
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Types in the Helminthological Depai-tment of the London 
School of Tropical Medicine. 

Affinities, — This species, because of its labial armature and 
female genitalia, forms a distinct group with PA. prmputialis and 
Vh, acuiicauda ; to the former it is very closely related, as shown 
by the similarity of the females and the characteristic reflection 
of the cuticle over the caudal end in both si>ecies ; it difiers from 
it, however, by the arrangement of its post-anal ventral papilla?, 
its larger spicules, and by the presence of unbroken ridges on the 
ventral surface of the bursa. 

The arrangement of the papillue on tlie caudal extremity of the 
male is very similar to that found in Ph, terdentata. Apan» from 
this chanict eristic, and that these two species arc both parasitic 
in carnivores, there ajjpeai’s to he no close affinity between them. 
Ph. mal<i}fen8is differs fiom Ph. terdentata by tlio shape and size 
of its teeth, length of its sinculcs, presence of unbioken ridges on 
the male bursa, and in that the cuticle is reflected over the camlal 
extremity. 

(17) Pjiysaloptera terdentata Molin, 1860. (Text-figs. 24 
& 25.) 

Three bottles of material, Y 1074 from Fells concolor, 4511 
from Fells tigrlna, and 4513 from Fells sp., labelled Ph, ter- 
dentata and deposited in the Vienna Museum, were examined. 
Bottle Y 1074 contained two males, one of which had its iiead 
missing, Bottle 4511 contained one female, and bottle 4513 
contained one male. The male in the last-named bottle [>roved 
to be not Ph, terdentata but Ph, pnvputialis v. Linst. The 


Text-figure 24. 



H^k^fgaloptera ierdetUata Mol. 

Outer view of lip. 

female from bottle 451 1 had all the characters of the female of 
Ph, prcBputialis, except that the cuticle was not reflected over the 
caudal end, and consequently I am inclined to think that it also 
is Ph, preeputlolis. The material from Fells cmcolor pi-oved to 
be Ph, terdentata^ and the following description of the male is 
based on these two specimens. 

The complete male is 14 mm. long, and 400 ft thick in its 
posterior third. The body is attenuated anteriorly, and the 
cuticle is slightly reflected over the lips ; externally it shows a 
coai’se aimulation, between which a fine transverse striation is 
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visible under high magnification. The cervical papillie sire 
lodged about 100 /i behind the posterior limit of the muscular 
oesophagus, and the excretory pore is situated slightly posterior 
to them. 

The lips are large and flatly rounded, and each carries two 
large and spherical outer yiapili® — one in the subdorsal and one 
ill the subventml line. The two terminal teeth are well-defined, 
the outer being shoi’t and stumpy, the inner large and tripartite. 

The oesophagus is straight, and consists of the usual two parts ; 
it is 2 3 mm. long or about l/6th of the total body-length. Its 
anterior glandular part is slightly thinner than the paH following, 
is 240 /i long, and has the nerve ring situated in its posterior 
(jiiarter. 

The bursa is elongate with rounded tip, and forms nearly 
Text-figure 25. 



Phyaaloptera terdentata Mol. 
Oamlal extwraity of male. 


1 / 151 h of tlie body-lengtli. Its lateral alse are supported by four 
pairs of e(|ui»listantan(lsomewlmt slender stalked papilla?, and are 
arranged two pairs pre anal an<] two pairs post-anal in position. 
Its vontial surface htus longitudinal rows of irregular cuticnlar 
bosses. The pre-anal ventral pupill® are situated close together 
in a row just above the anus, and the middle one is slightly 
larger than the other two. The post-anal ventral papilite consist 
of five pairs, of which piirs 1 and 2 are small and avianged 
in a row just posterior to the aini.s, pail's 3 and 4 are situated 
close behind each other in about the middle of the tail, and 
pair 5 is found at the junction of thirtl and last quarter's 
of the tail. 

The spicules are only slightly subequal, the left being 320 /i 
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and the right 305 fx long ; they are of equal thickness^ 32 and 
they poHsess a more or less uniform thickness in their anterior 
four-fiftli, the last fifth tapering to a sharp point. 

Female, 

Tile female from Felis tignna is 47 mm. long ; teeth both large 
and of equal size, the outer triangular ; (esophagus 1/7*3 of body- 
length, vulva situated 18*5 mm. from anterior end, tlie female 
genitalia as for Ph, prcepuiialUf and the cuticle is not reflected 
over the tail. 

Host : Fells concolor. Stomach. Brazil. 

Typo males in bottle 1074 (number on stopper) in the Vienna 
Museum. 

With regard to the name of the host, the legend on the bottle 
was somewhat indistinct and appeared somewhat like Fells 
casiolaris, but as no feline of tliis name is known, 1 take it to 
mean Felis concoloris. 

I have jdacecl this species among the dideljdmid forin.s, b(*cause 
the female described may belong to tliis speci(5s, in winch case 
it would come into the group characteiised by Ph, prcppntialis 
V. Linst. 

(18) PllYSALUPTEUA ACITTICAUDA Molin, 18(U). (']\ixt-lig. 20.) 

The material on which the study of this species is based is the 
type niatorial deposited in the Vienna I^luseam, This material 
lias also been studied by von Drascho. All tin' spoei mens were 
in an excellent state of preservation. 

.The cuticle is very finely striated Iransv^rscdy, and anteriorly 
is part]}" reflected over the lips. In ('acli lateral line, ju^t behind 
the leM‘1 of the posterior end of the niuscuhir (esojdiagus, a small 
and spike-like cervi(ial papilla is situated, and on the v(‘ntral 
surface about lOOp further back is the opening of the excretory 
orgfiu. 

Tlie li])s are somewhat rounded i i lateral view, and each 
cai rii's only two teeth, a large and triangular outer tooth, and 
immediately internal to it a smaller membranous tooth having 
its free end tripartite. In the subdorsiil and suhventral lines of 
eacli lip t.here is a conical papilla.. 

The (esoi>hagus, wdiich immediately follows the lips, lias its 
anterior muscular part slightly thinii(>r than the following 
glandular ])ortion : in the male it forms about 1/5*1 of the total 
body-length jind in tlie female about 1/7 th. The glandular pai*t 
forms about l/7th of the (esophagus, and is siirrounded by the 
nerve ring at the level of its posterior quart.er. 

Female, 

Tlie females liave a length of about 30 mm., witli a maximum 
breadth of just over 1 mm. The body tapers in its anterior half, 
but jiosteriorly it narrows only in the vicinity of the tail, which 
is a conical structure about l/56tli of the total body-length, and 
has its caudal pores situated in its posterior third. 
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The vulva ie situated very far forwards, opening to the exterior 
on a slight elevation in front of the hind end of the (esophagus. 
The muscular vagina is very short, measuring only about 480 ft 
long by 60 ft broad ; its hind end is very slightly enlarged, and 
from its outer sides the two uteri take their origin Jn the same 
manner as in Ph. prasputialis v. Linst. ; the thin initial portions 
of the uten are swollen in their middles, after which they again 
become thin and also much convoluted, after which they join up 
with the much thicker and egg-containing part of the uteri. 

The eggs are large, oval, and thick- shelled, measuring 51 fi 
long by 42 ft broad ; they are fully embryonated in utero, 

Male, 

The males are much smaller and slenderer than the females, 
measuring only 18 to 23 mm. long by 620 to 740 ft thick in 


Text-figure 26. 



JPh^BalojiUra aenticauda Mol. 

A = Terniiiml portions of female genitalia. 
H Caudal exti^mity of male. 


their posterior thinl. From about the posterior third the body 
t 4 i}>ei‘s gradually towards the anterior end. 

The caudal bursa has 'svell* developed lateral wings supported by 
four ecpiidistant, pedunculated and paired papillie, two pre- and 
two post-anal. Ot the three pre-anal ventral papillm the median 
one is lodged nearer the anus than the other two, and is also 
larger. Thei'e are five pairs of ventral post-anal papilla?, of 
which the Ist and 2nd pairs are situated in a row imme- 
diately behind the anus. The distance between the 4th and 
last paii*s is about twice the distance between the 2nd and 
3rd pairs. 
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Tlie spicules are unequal, tubular, and end in sharp points ; 
that of the left side measum 1*89 to 2*17 mm. long by 45 ^ broad 
at its base, that of the right 420 to 490 fi long by 50 fi broad. 

Host : Falco caehiimana, QiSsophagns and stomach. Brazil. 

Type material in bottle 4431 in the Vienna Museum. 

This species occupies an isolated position among the Physa- 
loptera recorded from birds ; none of these in which the nature 
of female genitalia is known have the uteri arising from the 
margin of the e^*chamber in a way similar to that seen in 
PA. (tcuticavda. This peculiarity of the female genitalia allies 
PA. acutioavda to PA. prccputialis v. Linst. and to Ph, 
sp. n., from which species it is, however, very easily distinguished 
by the very anterior position of its vulva, different arrangement 
of the male caudal papillae, and difference of the ornamentations 
on the ventitil surface of the male tail. 


Group Tetradelphys. 

(19) Physaloptera mordens Leiper, 1908. (Text-figs. 27 28.) 

For the study of this species, Prof. Leiper kindly placed at my 
disposal the type males (three specimens) and jilso two lots of 
worms collected by Drs. Turaer from man in Africa. In addition, 
six tubes of worms collected by Dr. Davy from African monkeys 
were also placed at my disposal for comparison and identification ; 
all these proved to be the same species as that collected from man. 

The cuticle shows a very delicate traiisveise striation ; in some 
specimens an additional coarse ancl irregular ringing, probably 
due to a certain amount of shrinkage, is present. It is partly 
reflexed over the lips in some, whereas in others it stops short at 
the base of the lips. It is somewhat inflated, so tliat the cei vical 
papillae appear to be lodged in vshallow cuticular pits. The 
cervical papillae are situated slightly less than three-quarters of 
the length of the muscular ccsopbagus behind the posterior limit 
of this (esophageal pa it. Th(‘ excjetory pore opens ventrally 
from 50 to 100 /a further back. 

The two lateral lips are large and rounded in lateral view, an(i 
are sharply set ofi’ from the body in those worms wdiere the 
cuticle is not reflected over their bases. Ea^di lip carries a large 
dome-shaped external papilla on each submeditin line. Four 
teeth are present on each lip, one outer and tlaee inner; the 
outer tooth is large ami triangular, and has its tip slightly 
rounded and recurved outwards. The median inner tooth is 
very small, and is attached to the base of the outer tooth; it is in 
the form of a small spike. Leiper states that its inner surface 
is modified to form a cutting-edge ; to me this surface appeared 
quite fiat, or at most slightly convex inwardly. The two inner 
lateml teeth are situated in the submedian lines, and are directed 
inwards ; each is split longitudinally to its base, and is lodged in 
a slight elevation of the lip. 
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The (BSophaguB is stmight and immediately follows the lips ; if 
thickens very slightly towards the posterior end. Its anterior 
1/1 0th, which is slightly thinner than the rest, forms its glandular 
part, and the nerve ring encircles it in its posterior third. The 
entire organ forms 1/6*4 in the male, and 1/6*2 in the female, 
of the total body*length. 

Female, 

I'lie females are large and stout ; they vary in length from 41 
to 100 mm., with a thickness of 1*8 to 2*8 mm. in their posterior 
third. The anterior two-thirds taper gi*adually towards the 
cephalic extremity ; the posterior l/8th tapeis to end in a short 
and conical tail 1/7 0th to l/90th of the body-length ; the caudal 
pores are situated in its posterior half. 

The vulva is situated on a slight elevation behind the hind 
end of the (esophagus : its position divides the body into the 
ratio of 1 : 5, The general characters of the female genitalia are 
exactly similar to those described for Ph, varani^ except that 
the common trunk portion behind the egg-chamber is relatively 


Text-figure 27. 



FhystxJoptera mordent Leiper. 

A = Ventral \iew of lips. 11 =» Inner view of lip. 


larger. The four uteri are twisted alK)ut each other in a com- 
plicated way, or (ill practically the whole of the body as far as its 
posterior eighth. 

The eggs are oval and thick-sl jelled, and vary from 45 to 49 ft 
long by U2 to 1)4 ft broad. They are fully embryonated when laid, 

Male. 

The males vnvy in length fiom 29 to nirn., with a thickness 
of *9 to 1 mm. in their posterior quarter; the body is slightly 
attenuated anteriorly. 

Tlie bursa is long and pointed, and is reflexed ventralwards* 
Its under surface is ornamented with small triangular spike-like 
processes arranged longitudinally, and extending os far ns the 
4th pair of post- anal ventral papilla\ The four pairs of stalked 
papilhe are arranged in two groups, the anterior two pairs being 
pre-anal and the posterior two pail's post-anal in position ; the 
Ist and lost pairs are shorter than the other two, and their origins 
are slightly more ventral. 

The three pre-anai ventral papilla? are of equal size, and are 
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slightly separated froio each other, the middle one being nearer 
the anus. The first two pairs of post-anal ventral papillae are 
small, and are situated close together, one pair behind the other, 
in the immediate vicinity of the anus ; pairs 3 and 4 are 
approximated to each other, and are situated at the junction of 
the 1st and 2nd tail thirds ; the 4th pair is situated nearer the 
ventral mid-line than the 3rd pair. The last pair is found at 
the junction of the posterior tail thirds. 


Text-fi^rure 28. 



I*Ii?/mht)fcra mor<h'Hs Lei per. 
Caudal c‘Ktreinit.y of nialo. 


The spicules are very uije<]ual, the left being long and slender 
and about eleven times as long as the right ; it is filiform, taf)er8 
to an acute point, and apj>eais to vary in length from 4*6 to 
5*5 mm., with a breadth of 35 /a. The right spicule is short and 
stout, with its apex tapering to form a long and thin point ; it is 
470 to 500 fi. long by 50 to 55 broad at its base. 

Hosts : Homo aapmis, Stomach and intestine. Africa. 

“ Monkeys.” Stomach. Nyasaland. 

My observations difier from Leiper’s description, firstly, in the 
number of uteri, of which he records only two; I was able to 
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determine their number by dissection, es it is almost impossible 
to see them by simply clearing and rolling the worms. Secondly, 
in the size of the females; his longest specimens were 55mm. 
long, whereas mine readied 100 mm. And, thirdly, in the size 
of the spicules ; the left spicule, according to my observations, 
appears to be longer than in his. 

The only other Physaloptera from man is PA. cauccmca 
V. Linst., 1902. The arrangement of its male bursal papiite is 
very similar to that of Ph. mordms, except, as Leiper has pointed 
out, that the 3rd pair of post-anal ventral papillte is nearer to 
the mid-line than in PA. rnordens. These two species, howe^'er, 
appear to be distinct, us sliown by tlie presence of only one tooth, 
smaller spicules, and laiger eggs, in conjunction with the much 
Binaller body in Ph, caticasica. 

The nature of the labial armature, mode of origin and niiiiiber 
of the uteri, general shape and size of the mule bursa, distribu- 
tion of the bursal papilla}, and the great inequality in tlu' length 
of the spicules, allies this species to the reptilian species 
PA. ahhreriatdy Ph. raraui, and PA. antarctica. To the mam- 
iiialian species Ph. nuwidica it is also related, as sliowii by the 
number and shape of its teeth and the character of its female 
gtjnibilia. Ph. mordm« is, however, easily distingui.sljed from all 
these by its much larger size, relatively longer trunk portion in 
the female genitalia, and by its inucl) larger spicules. 

The occurrence of this sj»ecies in monkeys from N>asaland is 
very interesting, and leads one to think that these Primates are its 
normal l»osts, man being only an accidental one: this view is 
fuither supported by the f:u*t tliat its only occurrence in man 
is in the initives of East and (.Vntral Africa. 

A parallel (»ase in WevSt Africa is the occurrence in monkeys 
and man of (KHophaqostomum aplosiontum (Willacli, 1891), Kaill. 
& Henry, 19t)5. 

(20) Physaloptera tumkfactens Henry Plane, 1912* 
(Text-figs. 29 & 30.) 

The material examined consisted of throe males and three 
females, kindly plneed at my disposal by Prof. Leiper. This 
material was part of the collection of worms from which Heiny 
and Blanc clf*scribed the species, and was prasented to Prof. Leiper 
prior to the publication of their description. In addition, two 
males, obtained from a Macaai/i faHcimlaris which had died in 
the Gardens of the Zoological Society of London, were also 
studieil. 

The cuticle is very finely striated transversely, and also shows 
a coarse cuticular ringing. Anteriorly it is reflected over the 
lips, and this may also be the ea.«»e over the tail region in both 
sexes; this posterior reduplication of the cuticle may pass over 
as much as the anterior third of the bursa in the male ; iu the 
females it only forms a narrow collar in front of the anus. The 
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cervical j>apill4» vary in poftition; in one they m e placed at the 
junction of the two cesophageal parts, in the others up to 160 /x 
further back; they may be syinnietrical or asymmetrical in 
position. The excretoiy pore is found about 70 behind the 
cervical papilla). 

The two lateral lips are large and conical in side view, and 
each carries two large submediaii papillie on their outer convex 
surface. Only two teeth are present — a largo and conical outer 
tooth with obtuse tip and slightly bent outwards, and a flattened 
and broad inner tooth, of the same size as the outer, and having 
its free end divided into three cusps of the same size. 

The oesophagus is straight, and forms in the female 1/5*2 to 
1/5*4, in the male 1/4*6 to 1/5*2 of the total body-length; its 
anterior 1/1 1th or 1/1 2th forms its muscular part, which is 
slightly thinner than its posterior glandular portion. The nerve 
ring encircles it in its posterior third. 


Text-figure 29. 



Thi/saloptera tumefaciens Henry <fc Hlanc. 

A = Lateral view of lips. H 3= Terminal portions of leinale genitalia. 

C = lleceptaculuiu sominis. 

Female, 

The tl>ree females are 50, 38, and 36 mm. long, with a tliick- 
ness of respectively 1*9, 1*5, ami 1*2 mm. Tin* anterior half 
tapers considerably, hut posterioily tlii.N tapeiing is limited to 
the last 4 or 5 mm. The tail is conical, and forms from l/57th 
to l/65th part of the body. Its caudal })()res are situated in 
slight pits in the posterior half of the tail ; their jio'-ition divides 
the tail into tlie ratio of 5 : 2. 

The vulva opens on a slight elevation, which divides the body 
into the ratio of 1 : 2*9; in one of tlie femaloh it is situated in 
front of the end of the (esophagus ; this jiosition is probably due 
to .shnnkage of the anterior part of tlie worm, .as shown by the 
facts that the cuticle iti this region is mucli coj-i ugnted and that 
the intestine immediately beliind the (esophagus is thiown into 
a loop. 

The genitalia pass straight hack, and are specially characterized 
by the absence of a common trunk portion behind the egg- 
chamber, and by the presence of four uteri arising all together 
from the hind end of the egg-chamber. The vagina, in the 
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largest female, is 1*7 tnm. long by 100 /a thick, and the egg- 
chamber 800 fi long by 270 fi broad at the origin of the uteri. 
The receptacula seminis are pear-shaped, and are sharply 
constricted off from the oviducts, their union with the uteri 
being gradual ; they are 380 /4 long by 200 broad at their 
oviducal end. 

The eggs are oval and thick-shelled, nnd average 43 fi long by 
27 thick. They contain a fully-developed embryo when laid. 

JIale» 

The males vary in length from 26 to 31 nun., and are 
attenuated in their anterior two -thirds ; they ^ ary in thickness 
from 1 to 1*2 mm. 

The bursa is iiairow and elongate and rounded at its tip ; its 
anterior part may or may not be covered over by a posterior 


Text- figure 30. 



IVitfualoptera Umefaciem Heury & Blanc. 

Caudal extremity of male, 

reflection of the cuticle. Its central ventral area is ornamented 
with irregular tubercles arranged longitudinally; lateniily in the 
clcMical region these tubercles are replaced b}^ longitudinal ridges. 

The four stalked papillro are short and arranged equidistant 
from each other round the cloaca. The three pre-anal ventral 
papilhe are situated in a row just anterior to the anus ; the central 
papilla is large. Tliere *ire five pairs of post-anal ventral {lapillte, 
of which tlie first two pairs are small and situated close together, 
one behind the other, immediately posterior to the anus. 
Papilla 3 are situated at the anterior quarter of the tail, and 
papillsB 4 half-way between them and the middle of the tail. 
Papillffi 6 are slightly approximated to the mid-line, and are 
situated slightly behind the middle of the tail. 

The spicules are bent^ thick, short, and slightly unequal. 
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They are of e(|ual thickness, and both taper to line points. The 
right varies from 475 to 520 /i long by 55 /x thick, and the left 
from 740 to 870 /x long, with the same thickness as the right. 

Hosts : Mucacm cyminolgus. ] , r a » 

Jm. j 

My observations on this species are }nactically identical with 
those of Henry and Blanc; the onl}" differences are in the size 
of the egg, which appears slightly smaller in my material, and in 
the size of the spicules, mine being slightly larger. 

Ph. tume/aciens, Ph, mordens, Ph. namidica, and Ph, mayni- 
pwpiUa are the only 4-uterino forms described from mammals. 
Ph. mordens and Ph. numidica Jiave teeth as in Ph , 2)arado.vay 
whereas Ph, maynipapilla and Ph. tinncfaciens have each only 
two teeth to each lip. Ph. tume facie ns is distinguished from the 
other three species by the mode of origin of its uteri, by the 
absence of a common trunk portion in tlio female genitalia, and 
by the reduplication of the cuticle over the cainlal extremity in 
most individuals of both sexes. 


(21) PilYSALOPrEllA MAGXIPAPILLA Molin, 1880. ^^'Pext-fig. 31.) 

Some of the excellently preserved type material in the collec- 
tion of the Vienna Museum was examined. 

The body appears smooth, but under high ninginfication the 
cuticle is seen to he jirovided with very delicate transverse 
striations. It is slightly reflected over the’ ])ase of the li})s, and 
in some females it was reflected over the whole of the tjul in a 
manner similar to that seen in Ph, prccpittialis. 

The cervical papilla* are small and spike-like, and ])ierce the 
cuticle about 150^ behind the level of the hind einl of the mus- 
cular (esophagus ; from 75 to 100 /x further hack ou the ventral 
surf.icethe opening of the ex(Tetoiy duct is found. 

Tile lips are somewhat (|uadraugular, with large sulxlorsal and 
subventiul external papilla*, and eacij i^ provided with two teeth 
of the same height; the outer tootii has a widened ti)». vvluTeas 
the median inner tooth' is tripartile. 

The (esophagus immediately follows the lips. It is straight, 
and forms in the female l/:>'5 and in the male 1 ()•(> of * the 
total body-length. Its anterior mu^ctdar part is neaily l/lOth of 
the whole organ, is slightly tliinner, and is oncuded in its 
posterior third by the nerve ring. 

Female, 

The females vary from 30 to 38 imn. long by to 1*1 mm. 
liroad; they are attenuated in their anterior fourth and jiosterior 
fifth, and the body is terminated by a bluntly conical tail 
]/52nd of the body-lengtii and having its caudal pores in its 
posterior half. 

The vulva opens level with the surface, and its position divides 
the body in the ratio of 1 : 2*3 ; it leads into a straight muscular 
vagina nearly 2 mm. long by 80/x thick. The eirg-chamber is 
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slightly shorter, and about three times as broad as the vagina. 
The common trunk is about 1*1 mm. long and 75 /a thick; its 
posterior end divides twice, in the same way as seen in Fh» 
ahbreviata^ to give rise to the four uteri. 

The eggs are small, oval, and thick-shelled, measuring on an 
average 40 fi long by 26 /x broatl ; when laid they are already 
fully embryonated, 

Male. 

Tho males are much smaller than the females, and measure 
from 20 to 25 mm. long, with a maximum breadth of *7 to *85 mm. 
The body is attenuated in its anterior half, the posterior half 
being of uniform thickness. 

The bursa is pointed and recurved ventralwards. The four pairs 
of pedunculated papillie are equidistant, three pairs being pre- 
anal. The three pre anal ventral papillse are small, and are 


Text-figure 31. 



Vhjftaloptera magnipapilla SFol. 

A =5 Latenil view of lip. 11 -= (^audal extremity of male, 

situated immediately in front of the anus. The first two pairs of 
post-anal ventral jiapillac arc also small and situated in a row in 
close proximity to the anus. The 3rd pair is larger and slightly 
obliquely placed ; they divide the tail roughly into the i*atio of 
1 : 3. The 4th and 5t]i pairs are small and approximated 
to each other, and are situated just behind the middle of the 
tail. The ventral surface of the bursa is ornamented with 
longitudinal rows of tubercles. 

The spicules are straight, tubular, pointed, and slightly un- 
equal ; the left is 450 /* long by 26 /* broad at its base, and the 
right is 415 /X long by 20 /a brood at its hose. 

Host : Myrmscophaga hlintiata. Stomach, Brazil, 

Types in bottle 4457 in the Yieiina Museum. 

My observations differ from those of von Drasche onlj" in respect 
to the teeth ; he states that the outer tooth is small, and in 
his figure shows it smaller than the inner tooth. In the worms 
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examined by mo the two teeth were of the same size and fairly 
large. 

The number of uteri and their mode of origin brings the 
species into the group characterised by F. cihhremata. It difleis, 
however, from all the reptilian tetradelphoid forms by tbe 
shape of its outer tooth and by the presence of a large and 
tripartite inner tooth ; this latter tooth is either absent — 
Fh, colvhri — or repi*esented only by a small spike-like tooth 
at the base of tbe outer tooth — F, jxtradoxa — in the reptilian 
forms. 

'rhe nature of the teeth and the presence of four uteri ally this 
Species to Ph. ttiniefaciens Henry & Blanc, 1912, from which 
species it differs, however, bv the different arrangement of its 
bursal papillic, no reduplication of tlje cuticle over its tail, mode 
of origin of its uteri, and the presence of a common trunk 
portion in its unpaired female genitalia. 


(22) Phvsalopteua quadrovaria Leiper, 1908. (Text-fig. 32.) 

The types of this species, which were kindly placed at my 
disposal for study by Pi'ofe.s.sor Leiper, consisted of six mature 
females and one male; the latter unfortunately had most of its 
bursal region broken off. 

The parasites are stout, being thiek(\st just behind their 
middle and attenuated towards both extremities. Tlie cuticle 
shows H fine tmnsverse striation, and is partly reflected over 
the lips. 

The two cervical papillie are situated laterally some ilistanoe 
behind the junction of the two (esophageal pai ts. hi the male 
they are 550 jx from the anterior end, and in the females 
slightly more than GOO/x. The excretory duct oj»ens ^entrally 
at the same level or just behind the lev(d of the c(Tvi(;al 
papillae. 

The lips are large an<l somewhat flattened in lateral view' ; 
each carries a large wedge-shaped exteinal tcjoth wdtli it 4 s tip 
slightly bent outwards, and two niucli smaller lateral teeth 
slightly split. Between the median and lateral teeth, on the 
inner face of tlie lip, there is a row of very small denticles. 
Internal to and attached to the base of the external tooth there 
is a small and spike-like internal tooth. 

The (esophagus is relatively short, forming in the male l/7th 
and in the female about l/9th of the total body-length ; it is 
straight, slightly thickening posteriorly, and its anterior end is 
differentiated into a short and narrow muscular part, about 350 /x 
long in both sexes, and having the nerve ring in its posterior 
quarter. 

Female, 

The specimens vary in length from 28 to 32 mm., with a 
breiulth of *95 to 1*1 mm. The tail is relatively long and 
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pointed, forming l/45th of the total body-length, and has its 
caudal pores situated in its posterior third. 

The vulva is situated on a slight elevation at the junction of 
the 1st and 2nd body fifths; it leads into a long and thick- 
shelled vagina 2*2 mm. long by 95 /a broad. This vagina passes 
straight backwards to join the egg-chamV)er, which is also large 
and straight, measuring 1*8 mm. long by 380 fx broad. The hind 
end of this chamber narrows sharply to join the common trunk, 
which is 760/1 long and 90 /i in diameter; its posterior end divides 
into two, each of which in their turn subdivide to give rise to 
the four uteri. These two primary branches are so short as 
to almost give the appeamnce that the uteri all arise at the same 
level. 


Text-figure 32. 



Fhytalopt^ra quadrovaria Leiper. 

A ** Anterior extremity of body. B Inner view of lip. 
0 Mode of origin of uteri. 


Tha eggs are thick-shelled and oval, measuring 51 /i long by 
36 /I broad ; they embryonate in utero, 

Male. 

The solitary and incomplete male is 19*5 mm. long and 750 
thick. Part of the left spicule — the bursa is broken off just in 
front of the anus — is seen inside the body, but nothing remains 
of that of the right side. The remaining portion of the left 
spicule is long and filiform, measuring I *3 mm. long. The spicules 
are probably very unequal. 

Host : Varanus niloticm. Intestine. Sudan. 

Diamsaion , — See PA. varani, 

Proo. Zool. SOC.--1922, No. LXXI. 


71 
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(23) Physalopteba pabadoxa von Linstow, 1908. (Text-figs. 
33 & 34.) 

Syn. Ph. affiniB Gedoelst, 1916. 

The primary study of this species is based on materials 
collected in tlie Zoological Society’s Gardens from Farmua 
alMgidans. All the specimens from the other hosts were kindly 
handed over to me by Professor Leiper for study and comparison. 
The material from Fara 7 m« aUngnlaris consisted of about a dozen 
males and females, which had unfortunately been killed in 
formalin, so that the specimens were somewhat shrunken and 
coiled. 

The shape of the body is very similar to that of J\ quadrovaruiy 
but is much smaller in size, mature females varying from 18 to 


Text-figure 33. 




Phifsaloptera paradoxa v. Linst. 

A =« Inner view of lip. IJ == origin of uteii. 

C =® Reccptaculum seniinis. I) = Egg-shell. 


24 mm. in length with a thickness of 750 to 870 p in their 
posterior third, and the males from 14 to 18 mm. long by 
450 to 500 fji broad in their jwsterior fifth. 

The cuticle is coarsely annulated and, in addition, shows a very 
fine transverse sti-iation ; it is only very slightly reflected over 
the base of the lips. The cervical j)apilltt} and excretory pore 
are situated in the same level behind the junction of the mus- 
cular and glandular msophageal parts; in the male they are 
about 650 /x from the anterior end and in the female about 
750 /i. 

The lips are similar to those described for PA. quadroraria^ 
except that lateral to each of the outer teeth there is another 
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row of small denticles on the inner surface parallel to the edge 
of the lip. 

The muscular part of the CBsophagus is thinner than the 
glandular part, and is encircled by the nerve ring at its base. 
The whole organ is short, and forms in the females l/7th and in 
the males nearly l/8th of the total body-length. 

FemaU, 

The vulva opens practically flush with the surface, there 
being only a slight trace of an elevation. Its position is 
post-msoj)bageal, and divides the body in the ratio of 1 : 2’4 ; it 
leads into a long and thick-walled vagina about. 2 mm. long 
by 100 /A broad ; its most anterior portion is slightly twisted. 
The following egg-chamber is straight, and lies parallel to the 
intestine; it is slightly thicker than the va.gina but shorter, 
measuring 1*2 mm. long by 133 /a brojul. The following common 
trunk is relatively short, aii<l is thinner than the vagina ; it is 
.570 /A long and 57 /a thick. From its posterior end the four uteri 
take their origin at the sjune level, hut their cavities arise by a 
double subdivision of the unpaired duct. The uteri at first pass 
forwar»ls to beyond Idle posterior end of the msophagus, after 
which they bend backwards and fill the body nlmo.st to the 
post.erioi ond. 

ddie eggs are thick-walled, oval, and fully embryonated //# ntero ; 
they measiu e 50 /x long by 35 /x broad. 

^rhe body is terminated by a relatively long and pointed tail, 
forming l/47th of the total length ; its caudal pores are situated 
ju.st beliind its middle. 

Male. 

The caudal burs.i is large and provided with well-developed 
a he; its ventral surface is traversed by coarse cuticular eleva- 
tions arranged in longitudinal rows. The anus is a large ami 
transversely oval aperture, with a thickened rim, very prominent 
wluMi viewed from the ventral surface ; it is situated about 850 /x 
from the tip of the tail. 

The four pairs of pedunculated papilla) are equidistant from 
each other ; two pairs are pre-anal and two pairs are post-anal 
in [)osition ; of the three pro -anal ventral papilla* the mcMlian one 
is situated slightly closer to the anus tlian the other two. Behind 
the anus there are five pairs of sessile papillae: the 1st and 
2rid pairs of these are small, and situated close together just 
liehind the anus, one pair behind the other ; the 3rd and 4th 
pail’s are closely approximated, and found just in front of the 
middle of the tail ; while the last pair is situated just |)osterior to 
the front margin of the posterior quarter of the tail. 

The spicules are very unequal, and appear to vary in size ; but 
these variations may he due to the difficulty found in measiiring 
them. The right spicule is short, and varies from 185 to 240 p 

71 # 
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long, with a thickness of 60 fi at its base ; the left spicule 
is long and filiform, varying from 1*8 to 2*8 mm. long; it is 
about 15 /A thick at its base ; both spicules terminate in sharp tips. 

Hosts: Varanus alhigidaria. Stomach. Soutli Africa. 

Psammophis aihilans, „ Sudan. 

“ Snake.’' „ Nigeria. 

Colubrine snake.” „ Sudan. 

“ Snake.” „ Nigeria. 

Discussion, — My observations difier slightTy from those of 
Seurat (1914 b) made on parasites obtained from Vm^anus griseiis 
and Cerastes cornntus. Tliese diflVrences apply to the spicules, 
which are 100 /x and 1*92 mm. long for tlie light and left 
spicule respectively in Seurat’s material, whereas in iny material 


Text-figure 34. 



Physaloptera paradoxa \ . Lindt. 

A « Caudal extremity of male. 

B Spicules (only part of left indicated). 


the right spicule varied in length from 185 to 240 /a and the 
left from 1*8 to 2*8 mm. Also the eggs in his specimens are lO/t 
broader than in mine. Despite these differences I believe tlie 
parasite to be the same, and the difiererice in size of the spicules 
can be accounted for in that it is not alw’ays possible to measure 
tliem cori'ectly, as they generally take up a twisted course inside 
the body. 

Yon Linstow (1908), in his description of this species, draws 
attention to the absence of caudal alie on the tail of the male, 
and for this reason gave it the name paradoxal' Beurat (1914) 
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explains this absence by supposing that von Linstow was exam- 
ining immature material, as he (8eurat) had in his possession 
immature specimens of Ph, alata in which the caudal aim were 
also absent. Unfortunately, I have not in my collection any 
Physaloptera in this condition, and consequently 1 accept Seurat's 
interpretation. 

There is, however, another difference between von Ijinstow s 
obsei’vations and mine; this concerns the number of the post-anal 
ventral papiJIm. Von Linstow finds an extra pair present behind 
the second, whereas in my material there is no indication of 
tliese papillm, neither were they present in Heiirat's (1914) 
material. It is therefore probable that von Linstow was mis- 
taken ill his observations, especially as my material and his are 
from the same host, both from Houth Africa, and there further 
appears no reason to doubt the identity of tlie two materials. 

(24) PnysALOPTEUA vaiiani Parona, 1889. (Text-fig. 35.) 

The material on which the study of this species is based 
consists of three mak%j collected from Faranus hengalensis and 
two females collected from V. indkus. I wish to express my 
indebtedness to Professor Ijeiper for placing this material at my 
disposal. 

The body is attenuated towards both extremities, and shows a 
coarse transverse ringing in addition to a very fine transverse 
cuticular striation. The cuticle is partly reflected over the lips. 

The cerviciil jiapill® are situated laterally a short distance 
behind the junction of the two msophageal parts ; on tlie same 
level or just posterior to it is the opening of the excretor}'' 
gland. 

"fhe two lateral lips are large and kdl. Eacli is provided with 
a large external tooth whose tip is slightly recurved : attacheil 
to it on its inner surface there is a small anti membranous spike- 
like tooth, and on eacli side of it, towards the angles of the lips, 
there is a small bifid tooth. Externally each lip ciirries a large 
suhdorsjil and subventral papilla. 

The (esophagus is long, and forms in the male l /(>th and in 
the female 1, o’O of the total body-length. Its anterior muscular 
part is slightly thinner than the following glandular part, and 
the nerve ring encircles it about 80 /a from its base. 

Female. 

The two females are respectively 35 and 17 mm. long by I mm. 
and 530 ix broad ; the body is terminated by a pointed tail l/80th 
of the total length, with its caudal pores just behind its middle. 

The vulva is non -protuberant, and is situated at the junction 
of the 1st and 2ud quarters of the body ; it leads, in the 
smaller female, into a thick- walled vagina 950 /a long by 85 fx in 
diameter; this passes gradually into the egg-chamber, whicli is 
1*8 mm. long and 170 ft thick. The common trunk which follows 
it is 1 *1 4 mm. long and 50 fx in diameter. The first two parts pass 
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straight down the body, whereas the common trunk is recurved 
and passes forwaids parallel to the other paHs. The posterior 
end of the common trunk divides into two branches, each of 
which in their turn, after a distance of 120 /a, subdivide to give 
rise to the cx>nnections of the four uteri. 

The eggs are oval and tliick -shelled, and contain fully 
embryonated embryos before being laid. They are 153 long by 
32 /JL in diameter. 

Male, 

The males are respcctivcdy 12, 21, and 24 mm. long, the largest 
being 800 fi thick in its posterior quarter. 

The c.'iudal buisa is large, and nearly twice as long as it is 
broatl. The papillas are arranged in identically tlie same way as 
tlioso described for Fh, paradoxa^ as also are the tnhercidar 


Text figure 315. 



Fhysaloptera varani IVroiia. 

A =» Ventral view of cephalic e\tremltj\ 
B =s CaudRl extremity of male. 


elevations. Tlie outline of the bursa, however, is slightly 
different, its length and breadth being respectively relatively 
shorter and broader than in Fh, pamdoxa. 

The spicules are very une<iual and bent, and botli en<l in sharp 
points. Tlie right is broad, with almost parallel edges except 
for its posterior tenth; it is 342 p, long by 25/4 broad at its 
base. The left spicule is long and iiliform, 2*1 mm. long by 
14 p, broad at its base. 

Host.s : Varanus heiigahnais. Stomach. Ceylon. 

Varanus mdicus, „ India. 

Discussion , — Seurat (1917 a) considers this species to be iden- 
tical with Ph, paraAoxa v, Linst. and Fh, qtmdrovaria Leiper. 



KSMATOJDS GEHUS PHITSALOPTBBA, 


mr 


After a study and comparison of these three species, I hold that, 
although they are nearly related, they must he regarded as distinct 
species. Ph* varani diflfers from PL paradoxa by its longer 
oesophagus, longer trunk, mode of origin of the four uteri, and 
the absence of a denticular ridge on the inner side of each lip. 
It differs from PL quadrovaria by its longer oesophagus, shorter 
tail of the female, less evolved type of origin of the uteri, and 
also by the absence of denticlee on the inner surface of the 
lips. 

PL varani appears to be very closely related to Ph. ahbreviata, 
as redescribed by Seurat (19146 and 1917 a), with which species 
it agrees in the female genitalia. It appears, however, to differ 
from Ph, ahbreviata in its larger size, absence of denticles on the 
inner surface of the lips, relatively shorter bursa, and larger 
spicules. I have unfortunately not been able to examine and 
compare any examples of PL ahbreviata, 

PL pallar\ji Seurat, 1917, seems to be a near relative of 
Ph, varaai^ fiom which species it can, however, be very easily 
distinguished liy its much shorter left spicule, the conformation 
of the cii'cumcloacal area, and by the position of the vulva in 
front of the posterior limit of the msophagus. 

Parona’s (1889) description differs from my findings in that 
lie mentions and figures the presence of four pairs of post-anal 
ventral papilla?, the last three pairs of which are equidistant 
from each other, the Ist pair being situated immediately behind 
the anus. I think an error has crept in his observations: namely, 
that he has missed one pair of small papillre just behind the 1st, 
and has misjudged the distance separating the 2nd and 3rd 
pairs in his figure. I am led to this view because I think his 
specimens could not have been well praservod, as he shows the 
caudal ala? liaving a lobulatod border, a state of affairs which 
1 have noticed to take place in contracted specimens. I do not 
think there can be any doubt as to the identity of the materials, 
althougli Paroiia’s chiscriptiou is so incomplete that it can apply 
to (piite a nuinl)er of Physaloptera. 

(25) PuYSALOPTERA ANTARCTICA V. LiustOW, 1899, (Text-figS. 
36 & 37.) 

Syn. Ph, alba Stoss., 1902. 

Feimle, 

Mature and fully-grown females are about 45 mm. long and 
050 fjL broad. The body is of more or less uniform thickness, 
only tapering slightly towards the anterior end. The body is 
terminated by a short tail aliout 440 ft long. The cuticle is 
roughly ringed, and between these rings a very fine cuticnlar 
striatien is observed under high-power magnificatioii ; the cuticle 
anteriorly is partly drawn over the lips. The cervical papillaa are 
lodged in shallow pits in the cuticle, and are situated about 650 
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from the anterior end ; the excretoiy pore is seen on the ventral 
surface about 95 /a further back ; it leads into the excretory duct, 
which passes into a gland lying against the ventral surface of the 
oesophagus. The two lateral lips are each surmounted by a large 
triangular tooth, slightly recurved at its tip; applied to the inner 
surface of each is a small spike-like tooth- On either side of the 
median tooth, in the lateral angles of each lip, there is seen 
another tooth, much smaller than the terminal tooth and split 
almost to its base; just below these and on the outer surface of 
the lip there is a conspicuous papilla. The lips are immediately 
followed by the cesophagus, which is straight and thickens slightly 
towards its posterior end. It is about 4*7 mm. long or 1/9*5 of 
the body-length, and is divided into a short and nan'ower 


Text-figure 36. 



JPhymloptera antarctiea v. Linst. 

Latero-veutral view of ceijliabc extremity. 

anterior part about 475 //, long and a longer posterior glandular 
part. The first part is surrounded near its base by the large 
nerve ring. 

The chief cliaracteristics of the female genitalia is the presence 
of four uteri. The vulva is a circular aperture, flush with the 
surface and situated at about the junction of the 1st and 2nd 
quarters of the body. It leads into a short and slightly coiled 
vagina, very muscular and about 90 ft in <liameter. It is follow^ed 
by the egg-charnber, about 259 ft in diameter ; the iiind end of 
this chamber constricts suddenly, so that the common trunk has 
about the same diameter as the vagina. The common trunk 
divides posteriorly into two branches, and these after a short 
distance subdivide again. The four uteri thus formed may first 
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pass forwards to beyond the junction of the oesophagus and 
intestine and then pass backwards, or they may pass backwards 
directly. The uteri are more or less parallel, and their hinder 
ends pass gradually into the receptacula seminis, about 380 /a 
long by 150/x broad. The receptacula seminis pass abruptly 
into the oviducts, 38 /a in diameter, which soon join the ovaries ; 
the latter pass forwards, taking more or less a convoluted course. 

Male. 

The males are slenderer than the females, fully-grown forms 
being about 32 mm. long and 750 /a broad. The body is only 


Text-figure 37. 



Phifsaloptera aniarctica v. Linst. 

A =* (^ludal t'Ktreiinty of nmle H = Tip of left spicule. 
(! Uight spicule. 


slightly attenuated anteriorly. The cuticle is of the same char- 
acter as the female, and the cervical pa}iill8« occupy relatively the 
same position, being situated a short distance beyond the junction 
of the muscular and glandular portions of the oesophagus. The 
excretory pore is situated ventrally about 130^ further V)Rck 
than the cervical piipillte. The lips are as described for the 
female. 

The first part of the (esophagus is thinner than that following, 
measures about 50(1 /a long, and is surrounded at its base by the 
nerve ring. The total length of the oesophagus is 3*55 mm. or 
l/9th of the body-length. 
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The bursa is large, being about 2^ mm. long by 1| mm. broad 
across the cloaca. The lateral expansions are well developed, 
and the central portion of the ventral surface is covered by 
longitudinal rows of spike- like tubercles. The anus is a triradiate 
aperture, situated in the centre of a more or less circular cushion 
like a swelling, about 420 /x in diameter, and itself covered with 
small tubercles. On either side of it there are four elongate 
papillae, implanted equidistant from (‘aeh other. Anterior to the 
cushion there are tliree ventral papilla* of etjual size and situated 
in a row; immediately posterior to the cushion there are two small 
pairs of ventral papillae. There are three otlier pairs of ventml 
papillie furtlmr down the tail, ot whicli the middle pair is nearer 
to the anterior than to the posterior pair. These last three j)airs 
of papilhe are each providc^d witl» a shoit stalk. 

The spicules are unequal, that of the left side being longer 
than that of the right side. The left spicule measures 1 504 /x long 
by 19/x broad at its base; at its tip it widens out to form a kind 
of spear-bead 64 /x long by IS ^ broad The right spicule is stout, 
and measures 410 /x long by 33 /x broad at its base. In its pos- 
terior two lifths it becomes slightly widened out, after which it 
gradually tapers to a point. 

Hosts : Varanus varius. ) Austmlia. 

Fython sp dotes, j 

My material has been identified as Fh. antarctica v. Linst. 
because of the general agreement of the measurenjents of my 
material with those of von Liii •'tow’s ; the only important differ- 
ence is the relative length of tlie tail of the female ; von Linstovv 
gives it as l/54th of the body-length, whereas in my material 
it forms only about lialf this length. 

Only two species have so far been described from Australian 
lizards — namely, the species described by von Linstow ainl Fh, 
alba described by Stossicb (1902), Irwin-Smitli (1922) considers 
these species to be the same, and I am inclined to agree with her. 
Unfortunately, I have not been able to examine material from 
any of the hosts from which these two species were obtained, but 
from the brief descriptions and figures given by von Linstow and 
Stossich it appears probable that they are identical. 

Fh, antarctica, because of the nature of its labial teeth and 
mode of origin of the four uteri, is closely related to Fh, ahbre- 
viata, Fh, varani, and Fh, pallaryi ; it is, however, very easily 
distinguished from all tliese by the configuration of its male 
bursa and by the difference in size and shape of the spicules. 
1 have given an extract of both von Linstow’s and Stossich’s 
descriptions in Part II. 

(26) Physaloptera coutbri (End., 1819), Diesing, 1851. 
(Text-fig. 38.) 

The types of this species, deposited in the Vienna Museum, 
consisted of two immature females and the fragments of another 
worm ; the specimens were slightly shrunken. 
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The cuticle is finely striated tmnsversely, and is partly reflected 
over the lips; the cervical papillte are situated about 100 /a behind 
the level of the hind end of the muscular oesophagus, and the 
excretory pore about 75 /x further back. 

'J'he lips ai'e rounded, and each is surmounted by a single large 
terminal tooth, no other teeth being present. Extenially each 
lip carries a small subdorsal and siibventr.tl papilla. 

The (esophagus forms nearly 1/4*0 of the body-length ; its 
anterior muscular part is thinner than the rest, and it is encircled 
by tlie nerve ring in its posterior thir»l ; it forms just less than 
1/1 0th of the whole organ. 

Female, 

Tl)o two specimens measure respectively 7 and 8 mm. long by 
350 and 3(50 ^ broad ; the laxly is attenuated in its anterior half, 
and it is terminated Ixjhind by a lelatively long and bluntly 
roundetl tail, whi(di is tin-nod up dorsal ly in botli specimens; it 

Text-figure 38. 



Phf/saloptera coJnhri (Had.), Dies. 

A ™ Lateral view of lip. 

H Caudal extremity of male. (After v. Dmsche.) 


is about l/30th of the body-length, and its caudal pores are 
situated in its posterior thinl. The vulva is only very slightly 
protuberant, and its position divides the body into the ratio of 
1 : 2*5 ; it leads into a vagina bent on itself and measuring 1| mm. 
long by fir)/!, thick; the egg-chain l)er is 320/4 long by 145/4 in 
diameter, and is also bent on itself; tlie following common trunk 
is of about the same length os the egg-chamber, and is about 
50/4 broad; its posterior end divides into two, each of which, 
after a distance of 240/4, again divides into two to give rise to 
the four uteri. 

No eggs were obi^erved, the specimens being immature. 

Male, 

The following description of the male bin*sa is based on von 
Dmsche’s description and drawing, no males being available for 
personal study. 
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The caudal expansions are well developed, and the four pairs of 
stalked papillae are situated in two groups, two pairs being pre- 
anal and two pairs post-anal. The three pre-anal ventral 
papillae are of the same size, the middle one being nearer the 
anus than the other two. 

There are four pairs of post-anal ventral papilla), of which the 
Ist is small and situated immediately behind the anus; the 2nd, 
3rd, and 4th pairs are equidistant, the 2nd being situated at 
the level of the last pair of stalked papillae, and the last near the 
tip of the tail. 

Host: Coronella austriaca. Intestine. Australia. 

Types in bottle 4451 in the A^ienna Museum. 

It is probable tliat when the male of this species is re-examined, 
it will be found that there are five pairs of post-anal ventral 
papillae, and tha-t the extra papilla will be situated near the 
1st pair just behind the anus. 

(27) PHYSALOPTERA SIMPLICIDENS, sp. n. (Text-fig. 39.) 

The material examined consisted of tliree females, two of which 
were immature, one small male, and one larger male which had its 
bursa broken off. 

The cuticle is finely striated, and is slightly reflexed over the 
lips ; the cervical papilla) are situated in small concavities just 
behind the junction of the muscular and glandular parts of the 
CBsophagus. The excretory pore is situated on the ventral 
surface about 60 // further back. 

The lips are somewhat flatly conical in side view, and each 
bears a large triangular tootli, slightly recurved outwar<ls ; no 
other teeth were observed. Each lip carries two pupil I c, one 
siibdorsal and one subventral, on its outei surface. 

The msophagus is short, and in tlie female forms 1/1 3th and in 
the male l/8th of the body-length ; its anterior muscular pju’t 
forms about l/9th of its length, and is distinctly separated from 
the following glandular part ; it is encircled hy tlie nerve ling in 
its posterior quarter. 

Female 

The females are about 44 ii\m. long utkI 950 p broad, and are 
attenuated towards both extremities; this is only slightly 
evident posteriorly where the body is terminated by a short ami 
conical tail, forming l/l()5th of the body-length. Tlio vulva 
divides the body into the ratio 1 ; 3*3 ; it leads into a musculai 
vagina 13 min. long by 95 /[i in diameter; this in turn passes 
gi-adually into tlie egg-chamber, "vvliicb is 1*7 mm. long hy 325 /a 
broad ; thc3 following common trunk is slioxi, and divides into two 
branches, each of whicli after a. distance of 200 /x divides again 
to give rise to the four uteri. 

The eggs are oval and very thick-shelled, measuring on an 
average 55 p. long by 41 p broad, with a shell 9 p thick ; they are 
fully embryonated in ntero* 
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Male. 

The males are respectively 14 mm. and 21 mm. long ; they are 
attenuated only towards the anterior end ; the maximum breadth 
of tlie larger male is just in front of the bursa, where it is 725 ft 
broad. 

The bursa is large, and is nearly twice as long as it is broad ; it 
forms about 1/10*7 of the body-length. The arrangement of 
the papillae is similar to that found in PA. antarctica v. Linst., 
except that the lateral stalked papillae are arranged in two groups, 
the 1st and 2nd pairs forming a pi’e-anal group, and the 3rd and 
4tii pairs forming a post-anal group. 


Text-figure 39. 




PhysaJoptera aimpHcidens, sp. ii. 

A — Ventral view of anterior extremity of body. 

B Candnl extremity of male. 

The spicules are slightly unequal, the left being slightly longer 
and slenderer than the right ; their lengths and breadths are 
respectively 510 /n by 38 ft and 410 ft by 50 ft ; both end in fine 
points, the right, however, being slightly swollen just behind its 
middle. 

Host : “ Sleeping Lizard.” Austmlia. 

Types in the Helminthological Department of the London 
School of Tropical Medicine, 

Affinities , — 'rhe presence of four utei‘i and a single tooth allies 
this species to Ph, cduhH (llud.), from which species it is, how- 
ever, distinguished by its much larger size, its relatively much 
shorter oesophagus, and by the difference in number and arrange- 
ment of the pc»st anal ventml papilla?. 
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Gboop Polydelphys. 

(28) PHysALOPTERA TOHGiDA Riidolphi, 1819. (Text-fig. 40.) 

Syn. Targida turgida (Rud., 18 19), Travassos, 1920. 

Spiropte7*a tui^gida (liud., 1819), Duj., 1845. 

The material studied consisted of some excellently preserved 
specimens in the collection of the A^ienna Museum, and of three 
tubes of material in tlie collection of Pi-of. Leiper. 

The cuticle is slightly inflated, and is partly reflected over the 
lips; it is transversely stidated by very fine 6tria3; the cervical 
papilloe pierce the cuticle just behind the level of the muscular 
oesophagus, and from 200 to 300 p further back is tbe opening of 
the excretory gland. 

Tlie two lateral lips are semi-conical in lateral view ; each is 
surmounted by a large triangular outer tooth having its tip 
slightly bent out^vards; immediately internal to it is a large 
inembranous tooth of equal lioightand tripartite; no lateral teetli 
are present. Each lip carries two external })apill{c, one siibdorsal 
and one sub ventral. 

The oesophagus is long and straight, widening gradually 
posteriorly; in the females it varies from 1/4*8 to 1/5-3 of the 
total length, and in the male from 1/3*9 to 1/5*9 ; its muscular 
portion is thinner than the rest, and forms in the female 1/lOth 
and in the male l/8th of the whole oigan. J'lio nerve ring 
encircles it in its posterior third. 

Female, 

Adult and fully mature females are large and stout, measuring 
as much as 55 mm. long by 3 mm. broad in their pod.erior half. 
The body is attenuated in its aiitci-ior lialf, but postei-ioj-ly tlie 
thickness is more or less uniform until the vicinit}- of the anus, 
wliere the body tapers suddenly to form a pointed tail l/45th 
to l/5t)th of tbe total l)ody-lengtli, and whose caudal pores are 
situated in its posterior third. 

The position of the vulva varies considerably, but in all cases 
it was situated behind the end of the msophagus; it divides the 
body in the ratio of 1 ; 2 to 1 :4*4. d'he vagina is tlnck-w{ille<l, 
short, and jiasses straight back ; it is just less than 1 mm. long by 
95 fi thick. It passes directly into a larger egg-cha.m)>cr of about 
the same length and about 230 p broad ; from tbe [losterior end 
of this chamber a number of uteri t?ike their origin ; because of 
the complicated manner in which they were entwined, it was not 
always possible to determine the eximt numliei*, but in two speci- 
mens it was definitely seen that the one had 1 1 and the other 
had 14 uteri. The uteri pass down the body, coiled round each 
other, almost to the posterior end, when they recurve and join up 
with tlie receptacula seminis, which in tlieir turn are united to 
the ovaries by means of short and thin oviducts. The oviducts 
pass forwards again to about the middle of the body. 
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The egg$ are oval and thick-shelled and relatively narrow, 
measuring 48 /u, by 29*6 /a. 

Male, 

The males are smaller than the females, apparently mature 
specimens measuring from 21 to 32 mm. long by *950 to 1*25 mm. 
thick ; the body is much more attenuated anteriorly than in the 
females, this thinning beginning from about the posterior third. 

The bursa is large, and has well -developed lateml expansions ; 
the four pairs of pedunculated papillie are ecjuidistant from each 
other, two pairs being pro- and two pairs being post-anal in 
position. Of the three pre-anal ventral papillai, the middle one 
is situated nearer the anus than the other two. Behind the anus 
there ai*e five |>airs of ventral papill®; of these the 1st and 


Text-figure 40. 



Physaloptcra turgida Rnd. 

A = Lateral view of cephalic extremity. 
B ss Caudal extremity of male. 


2nd pairs are situated inunodiately behind the anus in a 
row, the 3rd pair is slightly oblique in position, and the 4th 
an<l 5th are situated close together. The ratio of the distances 
sepamting pairs 2 and 3, 3 and 4 to 5, and 5 to the tip of the tail 
is as 1:2:1. 

The spicules are of equal length, short, straight, and tubular j 
each is about 410 fjt, long by 32 /a broad at its base. 

The ventrtd surface of the buim is covered with longitudinal 
protuberances. 

Hosts : Didelphys caiicrivora. Stomach. Brazil. 

** Manicon,^’ „ West Indies. 

Didelphys virgmiana, „ Michigan. 

Afimtiee, — 8^ Ph, dilaiata. 
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(29) PnisALOPTBiu DILATATA Rudolpbi, 1819, (Text-fig. 41.) 

Syn. JSpiroptera dilatata (Rud., 1819), Diij., 1846. 

Two males and two females were examined from bottle 4454 in 
the Vienna Museum. The females were somewhat shrunken, but 
otherwise the material was in an excellent condition. 

The cuticle is finely striated transversely, and is loosely attached 
to the body ; it is reflected over the base of the lips. 

The cervical papillae are situated about 290 p behind the level 
of the posterior limit of the muscular <esophagus, and the excre- 
tory pore about another 200 p further back. 

The two lips are large and semi-rectangular, with projecting 
dorsal and ventral corners. Each is surmounted by a large 
conical external tooth, and a tripartite inner tooth of the same 


Text-figure 41. 



adopt era dilatata Rud. 

A » Terminal portions of female genitalia. 

B sa Caudal extremity of male. 

height but semi-membranous. No additional teeth are present. 
Externally each lip has a subdorsal and a subventral dome-like 
papilla. 

The msophagus is remarkable for its difference in relative 
length in the two sexes ; in the two male specimens examined it 
formed respectively 1/4*3 and 1/4*8 of the total body-length ; in 
the females it is relatively only half this length, forming in 
the one 1/8*6 and in the other 1/7*5 of the total length. Its 
muscular part is thinner than the following glandular, and 
forms about 1/1 0th of the whole organ ; it is encircled by the 
nerve ring at the junction of its third and last quarters. 

Female* 

The females are large and stout, the two specimens measuring 
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respectively 55 and 90 mm. long, with a maximum breadth of 1’9 
and 2’9 mm, respectively ; the body is attenuated only in its 
anterior half, the posterior half being of the same thickness, 
except for the tail region, where the body tapers abruptly to form 
a conical tail l/85th of the total length. 

The vulva opens very far forwards, being situated in front of 
the middle of the msophagus ; its position in one specimen 
divided the body in the ratio of 1 : 22. It leads into a com- 
piiratively straight vagina 2| mm. long by 115 /x broad. The 
following egg-chamber is club-shaped, 2 mm. long by about 840 fi 
broad at its widest part ; many uteri take their origin from the 
outer edge of the club ; 15 were present in the one specimen, and 
in the other at least 12 could be made out. 

The eggs nre oval and thick-shelled, averaging 39 fx long and 
27 fi broad. 

Male. 

The males are smaller than the females, measuring respec- 
tively 47 and 55 mm. long by 1*45 and 1*6 mm. broad. The 
body has its maximum breadth just in front of the buim, and 
from liere the Ixidy attenuates gradually towards the anterior 
end. 

The bursa is broad and sharply recurved ventral wards ; it forms 
about l/16bh of the body-length, and its ventral surface is 
covered with longitudinal rows of tubendes. The four pairs of 
pedunculated papillm are equidistant, three pairs being pre anal 
and the 2nd and 3id pairs are much longer than the other pairs ; 
of the pre-anal ventral papillce, the middle one is slightly larger 
and is situated nearer the anus. There are five pairs of post-anal 
ventral papillae, of which the 1st and 2nd pairs are small and 
situated in a row immediately behind the anus; the 2nd, 3rd, 
and 4th pail's aie equhlistant from each other, while the distance 
between the 4th and last pair is only about a thinl the distance 
separating the two preceding |>airs. 

The spicules appear to be short and equal, but unfortunately 
the tip of the right spicule was broken off in both specimens, so 
that it was not possible to determine its correct length ; the left 
spicule was straight an<l pointed, and measured 655 jx long by 
57 /X broad at its base : the base of the right spicule had the same 
thickness as that of the left side. 

Host ; Layothrix hniMyoldtii. Htomach. Brazil. 

Affinities . — This species appears to be closely related to 
Ph. turyida^ with which s|>ecies it agrees in the form of the lips 
and teeth, general size, and in the anatomy of the female 
genitalia . It is, however, readily distinguished from this species 
by the position of the vulva, the difference in the relative length 
of the fesophagus in the two sexes, and by the position of the 4th 
and 5th post-anal ventral papiliie on the male bursa. 
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(30) Physaloptera capensis, sp. n. (Text-figs. 42 <fe 43.) 

The material on which this study is based consisted of one 
female, two males, and portions of two males. 

The cuticle is very finely striated ti’ansversely, and is only very 
slightly reflected over the base of the lips. 

The lips are large, and each has on its outer latei-al border two 
dome-like papilla). The median external tooth is large and is 
situated on tlie summit of the lip ; its tip is bluntly rounded ; 
immediately internal to it there is another tooth of the same 
height, but having its tip slightly notched ; towwds the angles 
of each lip there is an additional tooth, fairly large, which is 
generally bifid and may sometimes be irregularly trifid. On 


Text-figure 42. 



Thysalojptera capensis, sj). n. 

A as Ventral view of anterior extremity of body. 

B Outer lateral view' of lip. 

C sa Terminal jwrtions of female genitalia. 

either side of the median tooth there is another bifid tooth, very 
small and somewhat difficult to make out ; it is situated about 
midway between the median and lateral teeth. 

The cervical papillce and excretory pore are situated at the 
same level, about 120 />t behind the junction of the two opsopha- 
geal parts. 

The muscular part of the cesophagus forms about 1/1 1th of the 
total length of the (esophagus ; it is slightly narrower than the 
following part, and is surrounded in its middle by the nerve ring. 
The whole oesophagus forms just less than l/5th of the total body- 
length in the male and 1/lOth in the female. 
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Female. 

The solitary female is robust, having somewhat the appearance 
of a short ascarid. It is 56 mm. long, and 1*7 broad in its middle ; 
it is attenuated only very slightly anteriorly. 

The vulva is situated flush with the surface and 15*85 nun, 
from the anterior end ; it leads into a long vagina 3*62 mm. long 
and 152/1 broad ; this vagina, except for a loop at its end, passes 
straiglit down the body to join the egg-chamber ; this is also very 
long hut not very broad, mensuring 4*86 mm. long Vjy 343 /t in 
diameter. The end of the chamber joins the common trunk, 
whicli is 2*19 mm. long iiml about as thick as the vagina. The 
rest of the genitalia are remarkable for the number and mode of 
origin of the uteri ; there are 14 uteri arising from six branches, 
which unite to form the connnon trunk ; four of these branches 


Text-figure 43. 



Fhi/mJoptera capemiSy sp, n. 

(\audal extremity of male. 

give rise each to two uteri, whereas each of the remaining two 
branches give rise to three uteri. 

The tail is pointed and 950 /a long ; the caudal pores open 380 p 
from its tip. 

The eggs are oval and thick-shelled, measuring 55 long by 
32 /A broad, and shell 4 /a tliick. 

Mah. 

The males are much slenderer than the females, measuring 
24 mm. long by 900 /a broad just behind their middle; they are 
slightly attenuated anteriorly. 

The caudal bursa is large, and twi(;e as long as it is broad ; it 
forms about 1/1 1 th of the bo<ly -length ; the ciiudal alse are well 
developed, and are supported by the four pairs of pedunculated 
papillte, of which two pairs are pre-anal and two pairs post-anal 

72 » 
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hi position. On the ventral surface there are three pre^anal 
papillce immediately in front of the anus, and five pairs of post- 
anal papilla?. The 1st and 2nd of these last are found close 
together near the anus ; the 3rd and 4th are closely approximated 
to each other, and are inserted in the middle of the tail ; the last 
pair is situated midway between them and the cauilal extremity; 
the whole ventral surface of the bursa is covered by longitudinal 
rows of tubercles. 

The spicules are unecjual, thnt of the left side being over six 
times as long as that of the right. The right spicule is fairly 
stout, measuring 57 /r at its base and gradually tapering to a 
point ; it is 420 fi long. The left spicule is also pointed, but much 
slenderer; it is 2*7 min. longbv 27 /x broad at its base. 

Host : Jients setosus. Stomach. South Africa,. 

The types to he deposited in the British Museum of Natural 
History, London. 

The mode of origin of the uteri, in (‘onjnnctioii with their 
number, give this species a uniipie position in the genus. 

The general character of the vagina, egg-chanibei-, common 
trunk, and eggs are typical for the genus, so that tlie ])rosenee 
of luimerons uteri is not a sign of very close ailinity to the 
polydelphoid species P/f. Umjida and Ph> dilatata, 

(31) PlIYSALOPTERA Sp. (Toxt-fig. 44.) 

The study of this species is based on a single male 15 mm. long 
and *55 mm. broad. It was collected from the stomach of a 
Bandicoot which had died in the Gardens of the Zoological 
Society of liondon. 

From tlie middle forwards the body liecomes aileimatod, ])ut 
behind the middle tlie body is cif a uniform thickness. 'J'he 
cuticle is finely striated tran.sversely, and is reflexeil over the lijis 
so as to completely enclose them. 'Fhe cervical papilla? are found 
457 fx from the head end, t. e. at the junction of the two fesophagoal 
parts. The excretory pore is situated just behind them. 

The mouth is bounded by two large and .soinewlaat conit'jil lips, 
each surmounted at its apex by a largo and ti*iangidar outer tooth 
and immediately internal to it by a median tripartite tooth, of 
the same height as tlie outer tooth, but less chitiniseil. Two 
external papilhe are present on each li}). 

The cesophagus is 3*77 min. long; its muscular part is thinner 
and 400 /y. long, and the nerve ring encircles it just behind its 
middle. 

llie caudal bursa is tw’ice as long as it is broad, and it forms 
l/9th of the body-length. Its chief characteristic is the irregular 
arrangement of its papilla'. Of these there are four slAlked 
papillfe on the right side and six on the left. Tliose of the right 
side are armiiged in a pre-anal group of three, far removed from 
the anus, and a post-anal papilla ; those of the left side are 
arranged in a pre-anal group of five and a single jiost-anal fiapilla. 
The three pre-anal ventral papillai are far removed from each 
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other, the centre one being large and situated nearest to the 
anus. There are five pairs of post-anal ventral papillsa, situated 
more or less equidistant from each other ; the 2ud, 3rd, and 4th 
pairs of these are oblhiuely situated across tlie tail, whereas the 
Ist and last pairs are armnged transversely. 

The spicules are unequal, the left being longer and .slenderer 
than the right. The right spicule is 370 by 50 ft thick at its 
base ; it tapers to a rounded tip. The left spicule is 523 ft long 
by 20 ft broad at its base, and tapers to a fine point. 

Text-figure 44. 



PhyialopUra sp. 

A » Latero-ventral view of cephalic extremity. 
B =» Caiulftl extremity of male. 


The veiitml surface of the bursa is ornamented with longi- 
tudinal rows of somewhat rounded tubercles. 

Host : Peramelea mcsiita, Btomach. Australia. 

I have not attempted to classify tins species, because only a 
single specimen was available for study, and the arrangement of 
its bursal papilhe differed so much from the typical that I 
consider tlie specimen to be abnormal. 

PART 11. 

Group Didelphys. 

(32) Physaloptera rara Hall & Wigdor, 1918. 

Male unknown ; length of female 24 mm., maximum thickness 
1*34 mm. 

Anterior extremity somewhat attenuated. Cuticle strongly 
annulated, and first annulation behind the head forms a sort of 
collar, into which the head is partly sunk. 
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Two lateral lips large, eacli carrying three prominent inner 
median teeth and a somewhat smaller external tooth. Each lip 
with three external papillse. 

Length of oesophagus 1*16 mm. ; its muscular pai*t 526 long. 
Nerve ring near base of muscular oesophagus. 

Yiilva mm. from anterior end. Vagina 880 long. 

Egg-chamber and common trunk together 2*16 mm. long. 
Two uteri. Tail blunt and 420 fi long. 

Host: Canis familiaria. Duodenum. Michigan. 

Hall and Wigdor suggest that this may be an accidental 
parasite of the Dog. From the remarkable shortness of the 
cosophagus and the relative length of its muscular part, 1 suggest 
that this worm is abnormal, which could easily be accounted for 
if it was pjirasitic in a wrong liost. 

(33) PursALOPTERA TACAPENSis Sciirat, 1917. 

Length of male 15*G mm., female 22*3 mm. 

Cervical papilhe subsymmetrical, at same level as excretory 
pore immediately behind the muscular u\sophagus. External 
tooth strongly chitinised and truncated ; inteinal tooth of same 
height. (Eso])hagus 1/4 in the lualtMiud ]/4‘() in female of body- 
length. Female tail short and conical; male tail conical. 

Vulva immediately in front of end of (csoijhagus. Vagina 
2*3 nun. long, egg-chamber 1 *02 nan. long ; common trunk absent. 
Two uteri. Heceptaculum seminis very long. Eggs with very 
thick shell (7 fx ) ; 56 ftX 30 /x. 

Male caudal bursa with longtitudinal cuiicular ornamentations. 
Character and arrangement of })ursal papilla; exactly t\s those in 
the s[)ecies described by 8eniat (1917 h) ns Ph, clama. 

Right 8]>icule 240 w long, thick, and thiinhle-sJiapcd ; left 
spicule 360 /X long, slenderer, with conical tip. 

Host : Ctmodactylus gtmdL Stomach. Sud-l\inisien. 

From Seurat’s descn])tion this .species a})pears to he so closely 
related to his Ph, clausa that it appears liardly warrantnhh* to 
separate the two. The siuiilarity of the teeth, shape of spicules, 
and arrangement of male caudal papillfe appear to me to be of 
far greater weight tliaii tlie slight diflereiices of the relative 
positions of the vulva, I’elative lengths of the m.sophagns, lengtlis 
of the spicules, positions of the cervical papilla? and excretory 
pore, and the larger egg, all of wliich ditleiences may V(U-y well 
he due to the fact that the one parasite is about, twice the size of 
tlie oilier. In a gi^'en species of Physaloptera taken from the 
same liost, the diflereiices in size betwi^en one adult and another 
is often very marked, and con.sequently there is always a certain 
amount of diflerence between the individual specimens. 

(34) Phvsaloptera getula Seurat, 1917. 

Length of male 16*3 mm., female 18*5 mm. x 970 fi thick. 

Ro<ly stout, attenuated anteriorly ; cervical papilla? sub- 
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symmetrical, far posterior to end of muscular oesophagus and 
just in front of excretory pore. External tooth conical, slightly 
shorter than the internal tooth. 

Vulva may be found behind oesophagus, but generally it opens 
in front of its posterior termination, even so far forwards as its 
middle. Two uteri arise directly from base of egg-chamber* 
Receptaculum seminis short and ovoid, not constricted off from 
the uterus. 

Egg ? Tail short, digitiform, with rounded tip. 

Body of male smaller and slenderer than that of female. Bursa 
ornamented with spines. Three large papillse just in front of 
anus ; 3rd pair of post-anal papillie at the level of the 5th pair of 
external papillsB, 

Spicules une(|ual, right larger and shorter with bent tip, left 
slenderer and straight. 350 and 480 fi long respectively. 

Host : Mu 8 ratius. Stomach. Morocco. 

(35) PilYSALOPTEIlA BREVIVAGINATA Seurat, 1917. 

Only immature female known ; 9*8 mm. long x 444 /x thick. 

External tootli strongly chitinised with broad base (surbaiss^e) 
and bent outwards. Internal tooth tripai*tite, and higher than 
the external tooth ; its middle part is bicuspid. Two papillas to 
each lip. (Esophagus l/4th, tail l/35th of body-length ; tail has 
a rjuiuled tip, and the caudal pore.s are in its posterior third. 

Vulva immediately in front of middle of body, 2*3 mm. from 
anterior extremity. Vagina very short, 300 /x. long ; egg-chamber 
GOO fi long, and its posterior end passes directly into the two 
uteri. 

Host : Vespertilio kuhlii. Stomach. Bou-Sa&da. 

(36) PuYSALorTERA ALATA, vai*. CHEVREUXI Seurat, 1914 

Has same character as Ph. alata ; differs by its smaller size and 
very posterior position of the cervical papillie an<l excretory pore. 

Male 7 mm. long x 5] 5 p, tliick. Muscular cesophagus 200 p. 
Oesophagus 1 /4th of body-length. Cervical papilhe 37() and 300 p 
from nnteriur end ; excretory pore 384 p. 

Female (immature). Length 8 min.; tail long (310 p) and 
conical. Vulva a sliort distance behind end of msophagus. 

Host: Hawk. Bone. 

(37) PiiYSALOPTERA ALATA, var. NouvELi Seurat, 1915. 

Large nematodes wdth robust liody and regularly attenuated 
anteriorly. Cervical papillre subsym metrical, situated more or 
less at the level of the hind end of the muscular oesophagus. Two 
lateral lips, each with a large triangular external and pointed 
tooth, and a very small internal tooth with three tijxs. (Eso- 
phagus short, 1/Gth of body-length. 

Male. Length 22-28*5 mm. x900p thick. Tail conical and 
slender, 1*165 mm. long. Circumcloacal area covered with small 
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cuticular tubercles. (Arrangement of the papilla? as in Ph, alaia,) 
Three pre-anal sessile papilla? arranged in a triangle. Four pairs 
of post-anal ventral papillae; the 1st and 2nd pairs of these are 
slightly stalked, and are found on the posterior lip of the cloaca ; 
the last pair is situated just behind the middle of the tail. Five 
pairs of lateiul stalked papillse grouped about the cloaca, the last 
inserted at the level of the 3rd pair of post-anal ventral papillse. 
Eight spicule robust and largb, 550 fi long ; left spicule slenderer, 
feebly chitinised, and longer. 

Female 33 mm. long x 1*055 mm. thirk. Tail long, conical, and 
pointed. Caudal pores in its anterior third. Gi)sophagus 5*61 mm. 
long. Vulva in front of termination of oesophagus, 3*8 mm. from 
anterior end. Unpaired female genitalia very long ; vagina 
2*15 mm. long and directed backwards ; egg-chamber 3*125 mm. 
long ; trunk 500 /a long, and divides posteriorly to give rise to 
two uteri. Eeceptacula seminis pyriform, 600 x 325 /jt. Egg 


elliptical, thick-shelled, and embryonated ; they measure 50 x 25 /a. 


Hosts : AquUa chryaaeios^ ) ^ , 

Accipiter niaue, J ^ 


Bou-Ba4da. 


(38) Phtsaloptera subalata Schneider, 1866. 

Length of male 32 mm. 

Tips of lips very prominent. Outer tooth longer than inner 
tooth; edges of smaller teeth quite parallel, and pointed at the 
tip. Four pairs of stalked cii cumcloacal papillae. Three sessile 
pre-anal papillse, the middle one nearer the anus; three pairs 
behind the anus, of which the last two pairs are close together, 
one pair behind the other, and the last pair nearer the mid-line ; 
the other pair is situated at about the junction of the 1st and 2nd 
tail thirds. 

Host : FaXco sp. Stomach. Brazil. 

With regard to the nature of the teeth, Schneider's description 
differs from his figure ; he states that the outer tooth is larger 
than the inner, and in his figure shows the outer tooth very much 
smaller. I take his figure to represent the correct nature of the 
teeth. 

Seurat (1914 c) tentatively referred to this species some Physa- 
loptera which he obtained from the stomach of a Buzzard, San 
Martino, Corsica. Briefly he describes this inatenal as follows : — 
Large and robust body. Two lips, each with a small and cuneiform 
outer tooth and a large tripartite inner tooth, (Hsophagus 
1/4*5 in male, l/6th in female of body-length. Vulva in anterior 
third of body, 3 mm. behind cesophagus. Vagina 1 mm., egg- 
chamber 750/4 long ; trunk divides to give origin to two uteri. 

Bursa with four stalked circumcloacal papilla?. Three pre-anal 
ventral papillae form a triangle ; two pairs immediately behind 
anus, 3rd pair in middle of tail. 

Spicules unequal ; left 840 p long, slender, and pointed ; right 
less than 400 p long, and thicker. 
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(39) Physaloptsba oeosi Seurat, 1914. 

Male 22 mm, long by 660 fx thick, female 12-22 mm. long. 

Two lips, large, each with two external papillae. External tooth 
large and triangular ; inner median tooth very small and tri- 
partite. Cervical papillae situated immediately behind level of 
nerve ring, 

(Esophagus 1 /6th in male, l/4th in female of body-length. 

Male bui*sa plus well-developed ala?, and ornamented with 
tubercles. Ai*rangement of its papillte as in Fh, gcdinieri and 
Ph, suhalata, except that an unpaired sessile papilla is present 
between the last pair of ventral papillae. Spicules equal, 300 
long. 

Tail of female short, with caudal glands opening in front of its 
middle. Vulva in anterior third, 1 mm. behind cesophagus. 
Vagina shoiter than egg-chamber, which is 1 200 /x long x 300 /a 
broad; trunk 400 /x long, and divides to give rise to the con- 
nef^ions of the two uteri. Eggs 55 x 25 embryonated. 

Host : Accipiter nisus. Stomach. Mascam. 

(40) PuYSALOPTEHA OALiNiERi Seurat, 191 4. 

Length, male 21 mm., breadth 780 /x ; length, female 1 7-34 mm. 
by 1*05 mm. thick. 

Two lateral lips, each with a large and very conspicuous 
tripartite inner tooth. 

(Esophagus l/6th in male and l/7th in fenjale of body-length. 
Cloaca 925 p from end of tail in male. Five pairs of stalked papillse, 
of which the anterior 4 pairs are ananged circumcloacally, and 
the last some distance further back. Eleven ventral papillae, with 
short stalks and ap[>roaching mid-ventral line ; of these, 3 are 
pre-anal, 4 immediately l>ehind the anus in a transverse row, 2 at 
the level of the posterior pair of circuiucloacal stalked papillae, and 
2 midway between the }K)i»terior sbilked papillae and tip of tail. 

Spicules short, 360 and 380 /x long. 

Vulva a short distance in front of middle of body, far removed 
from hind end of oesophagus. Ovijector passes forwards; vagina 
2 mm. long; egg-chamber oval, 600 /x long; trunk 200 /x long. 
Two uteri, one of wdiich passes forwards and then recurves 
backwards, whereas the other passes stmight back. Recep- 
taculum seminis sharply constrictetl ofi* from oviduct and uterus, 
rounded ; diameter 240 /tx. Eggs 65 x 35 p. 

Host: Aigle. (Esophagus and st/omach. Ain-Oussera, 

(41) Physaloptbra lbptosoma (Gervais, 1848), Seurat, 1917. 

Syn. Strongylus leptcsoinus Gervais, 1848. 

PA. chamcdeontis Gedoelst, 1916. 

Length of male 7*8-20 mm., of female 12*5-45 mm. 

Two lips ; external tooth cuneiform, slightly knobbed at its tip ; 
internal tooth spike-like ; lateml teeth bicuspid (these teeth more 
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or less as in Ph. paradoxa^ except tliat. inner median tooth is 
larger) ; inner denticulate border reduced and interrupted in 
places. 

Muscular cesophagus very short. CEsophagus l/6th in male, 
1/1 0th in female. Cervical papillie asymmetrical, just behind 
muscular cesophagus. 

Vulva at level of end of cesophagus or just posterior; vagina 
2*2 mm. long, egg chamber 925 /a long, trunk 500 /x long. Two 
uteri. Keceptaculum seminis 400 p long. Eggs 52 X 35 /x. 

Tail of female elongate and digitiform, with its caudal pores in 
its posterior third. 

Circumcloacjil area of male Avith small tubercles arranged 
longitudinally ; in adult males these are spined. 

Male bursa lanceolate ; 4 pairs circiimcloacal stjilked pa[)illa^. 
Thirteen ventral papilla 0 ; of these, 3 in front of anus, the lateral 2 
being shortly stalked ; 2 pairs immediately behind anus ; 2 pairs 
just in front of middle of tail, the anterior pair being stalked ; 
2 papillm at posterior third of tail. Spicules very unequal ; right 
short and thick, 150 x 35 ^ ; left slender and twelve times as long 
as the right, 1*92 mm. 

Hosts: Uroviastir acanthiniirus ami C, a, var. niyriventris. 
Stomach and oesophagus. Algeria. 

Yaranus yriaeiis. Stomach and intestine. Algeria. 

(42) PnysALOPrEHA ciiam.eleoxiis Gedoelst, 1916. 

Syn. jPh, leplosoma (Gervais), Seurat, 1917. 

Length of nnile 13*4 inui., of female 22 mm. x 815/x thick. 

Two hemispherical lips, each wdth a triangular external tooth. 
No internal teeth. 

(Esophagus of male 1*9 mm., of female 3*7 mm. long; bursa 
1*44 mm, long; spicules unequjil, right 370/4, lift 2*1 mm, long. 
Arrangement of bursal 2)apillse as in Vh. affiiris. Vulva divides 
body into ratio of 1 : 4, 1 Vo uteri. Eggs 56 63 X 40-44 p. 

Host : Ohamceleon yracili8» Stomach. Belgian Congo. 

1 agree with Irwin-Smith (1922) tliat this species is the 
same as Ph, leptosoma(Qi^vvx\.h>)^ Seurat, 1917. TJie close similarity 
between Gedoelsts and Seurat’s descrijjtions is very striking. 
The slight differences in the lengths of the spicules, length of 
oesophagus, and jiosition of the vulva can very well be accounted 
for as individual variations. 

Giiour Tetradelphys. 

(43) PflYSALOPTERA NUMiDicA Seurat, 1917. 

Male unknown. Length of female 31*9 mm., thickness 950 p. 

Two lips, each with a very large extei'iial tooth, a very small 
inner median tooth, and two bicuspid lateral teeth. Cervical 
papillae subsyminetrical and situated far behind the muscular 
oesophagus, at the level of the excretory i>ore. Tail short and 
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conical ; caudal pores in its posterior third. Muscular cesophagus 
short ; oesophagus 1 /8th of body. 

Vulva in anterior quarter of body, 3*8 mm. behind oesophagus. 
Vagina 2*16 mm. long, straight; egg-chamber long ; trunk long, 
and divides dicbotomously to give rise to four uteri. Recepta- 
culum serninis oval. 

Host : DipodiUus campesiria. Stomach. Bou*Sadda. 

(44) PuYSALOPTERA ABBREVIATA Rudolphi, 1819. 

Syn. (Spiroptera abbreviata (Rudolphi), Duj., 1845. 

Body robust. Two lateral lips large. External tooth large, 
wedge-shaped, and truncated at its tip. Three inner teeth as in 
i%. paradoxa. Muscular (esophagus thick ; nerve ring at its 
posterior end. (Esophagus long, l/3’6*-l/6*4 in female, l/4-l/5’5 
in male of body- length. 

Fenifth, Length 7*8-20 mm., attenuated towards both ex- 
tremities. Tail conical, with caudal pores just behind its middle. 
Position of vulva variable, opening either in front of or behind end 
of oesophagus ; divides body into ratio of 1 : 2-1 ; 6. Unpaired 
female genitalia, very long (3*5 mm.), consist of vagina, egg* 
chamber, and relatively long trunk. Four uteri arise by dicho- 
tomous <livision of trunk. lleceptaculuui semiiiis 150 x 120 /u,, 
sharply coustiicted oft* from both uterus and oviduct. Eggs 
50-60 X 37 p. 

Male 7*5-11 nun. long. Tail elongate. Caudal alee large. 
Outicular [)rojections small and arranged in rows. Cloacal lips 
lion -salient. Arraiigeiiumt of papilhe as in Ph. jmradoxa. 
Hpicules very unec|ual ; left long and filiform, 2 mm. long ; right 
short and stout, 180 x 45 /a. Both pointed. 

This de.scriptioii is based on Seurat’s (1914 1917 a) rede- 

scriptious of the species from worms obtained from the stomach 
of Laceria ocellaia, Bou-8aada. 

(45) PiiYSALOPTBRA PALLARYi 8eurat, 1917* 

Length of male 8*1 -10*8 mm., length of female 12*4 (larva?) to 
25 mm. 

Two lips, each with its anterior border slightly trilobed. Two 
oxtenial papilhe very small. External tooth triangular, j>oiuted, 
and recurved, Int^ernal denticulate border formed of twenty 
sharp denticles. Cervical papilko at junction of two oesophageal 
parts : excretory pore at same level or just posterior. Tail of 
female very short and rounded; caudal pores in its posterior 
fifth. 

(Esophagus long, l /5th in the male, l;''6th in the female of body- 
length. 

Vulva 260-1200 p in front of end of oesophagus. Vagina short, 
350 /A long; egg-chamber 1*2 mm. long; trunk 650 jw. long, and 
divides dicbotomously to give rise to four uteri. Eggs 65 x 32 
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Male tail massive, with rounded extremity. Anus opens on a 
large cushion, 100/iin diameter and covered with large waiiis. 
First two pairs of stalked papillae at the same level ; 3rd pair at 
the level of the cloaca; 1st pair post-anal ventral jmpilla) just 
behind cloaca, last pair 85 /a from caudal extremity. Spicules 
unequal : right pointed and thick, 150/x, long ; left slender, 260 
long. 

Host : Agarna hihronL Stonsach and intestine. Marocco. 

(46) Physaloptbra apfinis Gedoelst, 1916. 

Length of male 11-13*2 mm., of female 18’7~20‘7 mm. x *8 mm. 

Two lateral lips. External tooth large and triangular; no 
median internal tooth. (Esophagus of d 1/4 6, of J l/5*6-l/6*6 
of body-length. Bui^ 1*4 mm. long ; 2 pre-anal and 2 post-anal 
stalked papilla? ; 3 pre-anal ventral papillte arranged in a triangle ; 
2 pairs papilla? close behind anus; 2 pairs close together in middle 
of tail ; 1 pair at junction of last tail quarters. 

Spicules unequal, 2*2 mm. and 270 /a long; club-shaped plus 
a conical tip. 

Vulva just behind oesophagus or as mucli as 2 mm. further back. 
Four uteri. Eggs 56 x 40 //,. 

Host : Psamniophis sihilans. Intestine. Belgian Congo. 

From GedoelsCs description this species appears to be the same 
as Ph, paradoxa v. Linst. I have examined Phystdoptera from 
the same host, and these have been foxind to belong to von Linstow^s 
species, and consequently Gedoelst’s species must l>e relegated to a 
synonym of Ph, paradoxa. 

Group Folydelpbys. 

(47) Physaloptera TORRESi (Travassos, 1920). 

Syn. Turgida tm'reai Trav., 1920. 

Length of male 35 to 40 mm., of female 70 to 90 mm.; 
thickness of male I to 1*5 mm., of female 2 to 2 5 mm. 

Two subtriangular lips, each with four extejnal papilla? and 
one apical and median papilla. Three teeth present on the tip 
of each lip, the median being larger and iuoi*(; internal in position 
than the other two; it is 17/4, in length. Lips 85 yut high. 
(Esophagus claviform, 6 to 8 nmi. in length, and its muscular 
jiart is 4()0 to 430 p long 

Vulva situated about midway down <e.'<oph.Tgus. Egg-chamber 
gives rise directly to 9 to 11 uteri, lleceptaculiun seminis pyri- 
form, 870 p long and 380 p thick. Eggs 42 to 49 p long by 28 p 
in diameter. Anus 780 to 870/4, fx’om the posterior extremity. 

Male caudal bursa with well-developed ake, Four pairs of 
lateral circumcloacal pedunculated papillae. Three sessile papillae 
in front of the anus and two pairs of sessile papillae in a row 
immediately behind the anus; three further pail's equidistant 
from each other in the anterior half of the tail. Bpicules 
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subequal and weakly chitinised, 430 to 320 /a long. Anus about 
2 to 4 mm. from the caudal extremity. 

Host : Agouti paca. Stomach. Bahia, Brazil. 

Discuasion, — This species appeal's to be very closely related to 
Ph, dilataia Hud., 1810, the only notable difference being the 
position of 3rd, 4th, and 5th pairs of ventral post-anal papillas in 
the male. In Ph, torreai these are equidistant from each other, 
and are situated in the anterior half of the tail, the distance 
between the 2ud and 3rd pairs being small ; in Ph. dilataia the 
distances between tlie 2nd and 3rd, 3rd and 4th pairs are about 
equal and long, while that between the 4th and 5th pairs is only 
about half this distance. 

Travassos describes and hgures five external pajiillo} to each lip, 
but I very much doubt whether his observation is correct, as in 
all tlic species of this genus examined by me I have never seen 
more tlian t>vo; ho also mentions the presence of five similar 
pnpilLu in his <lescription of Ph, targidat but, having re-examined 
my s]>ocimens of this species, 1 still maintain that only two 
external papilla^ are present. 

There secmi to bo some inaccuracies or misprints in Travassos’ 
de.scriptiou of this species. Ho writes ovejector com vagina 
claviforme louga do cerca dt? 4G mm. de comprimonto.” I think 
this should be 4*0 mm., as it is hardly likely that this organ would 
he id)OUt half the lengtli of the worm. Further, with regard to 
the ventral pro-anal papilla' of the male, the description reads “ 3 
pares situados imediatamente acima do anus.’’ As he figures the 
usual three pajulhe in front of the anus, 1 think this .sentence is 
intended to (!oiivey the fact that three papilhe, not three pairs, are 
situatofl in this position. Because of this error, the number of 
paired })apil](w is given as 12 in.stead of 10 pairs in addition to an 
unpaired papilla. 

With reference to tiie position of the anus in the male, the 
ile.scription reads that it is ‘*a cerca de 2, a 4 mm. da estremidade 
posterior.*’ In his French translation this sentence is rendered 
‘'a environ 2*4 mm. de Textremit^ posterieure.’’ I am accepting 
the tu'iginal to he what Ti^avassos meant, although from the 
construction of the two sentences it would appear that the 
translation probably describes the true state of afi’air.s. 

It is not p(n'lin]>s out of place here to draw the attention of those 
considting Travassos’ original description of thi.s species to the 
fact that the P’rencli translation does not always give a correct 
remlering of the Poi tuguese text. 

Forms with undetermined number of uteri. 

(48) PuYSALOPTERA CAUCASicA V. Linstow, 1902. 

IMale 14*22 mm. kmgx *71 mm, broad ; female 27 mm. long by 
l*14mm. thick. 

Cuticle unringtKl. Lips with four subinedian papillae, and large 
cone-shaped external teeth. Gisophagus l/5th of body-length. 
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Male bursa broad anteriorly and narrowed behind ; small 
tubercles on its ventml face. The spicules are uneijual, right 
short and broad, left long and filiform; meai^uie •62mm. and 
1'76 mm. long respectively. One pre-anal pair of papilla? (the 
median probably missed) and five post-anal pairs of ventral 
papill«e; the arrangement of these papilla? is similar to thos^ 
found in Ph. mordens^ except that the relation of tlie 3rd and 4th 
paiivs to tlie ventral mid-line is the reverse to tliat found in 
Ph, wardens. Four pairs of lateral stalked papillje. 

Female tail rounded, l/53rd of body-lcngtli. Vulva in the 
region of union of the 1 st and 2nd body sixths. Egg .^7 X 39 /x. 
Host : Homo sapiens. Intestine. Uaiicasus. 

(49) Physaloptera DiGiTATA Schneider, 1866. 

Length of male 20 mm., of female 27 mm. 

Outer tooth small, inner tooth larger than outer, with its tips 
rounded. Vulva 4 mm. from head end. Of the innei* bnrsiil 
papillae, 3. 4, and 5 are more or less in a line on the ventral 
surface. Distance between 4 and 5 smaller titan between 3 
and 4. Distance from 5 to tip of tail more or less equal to the 
distance between 3 and 5 ; 1 and 2 iiuitiediatelv behind anus. 
Three pre-anal papillie in a triangle. Four pairs of stalked 
papillte ; the distance between tlie most anterior two pairs 
greater than tliat separating the others. 

Host : Felis concolor, Stomacli. Brazil. 

Ph, terdentata Mol.. 1860. was de.s<Tibed from the same host, 
but it appears to he differeut fi’om Ph d 'njiiata Sc]in.,as shown by 
the difference in arrangement of its post-anal sessile pajdlh’e. 
The nature of their teeth is, however, very similar. 

(50) Physalofi’era BREvisPicxjLUM V. Linstow, 19(}6. 

Male 11*1 mm, long x *95 mm. thick; female 11 -4 mm. long 
Xl‘06 mm. thick. Each lip with three small peaks (teeth?) 
on its summit. A preputium-like thickening over the tail is 
present. 

(Esophagus 1/6*5, t^iil in male 1/9*4, in female 1/22*3 of body- 
length. Spicules very short, feebly curved, *79- *81 mm. long. 
Eggs 36 X 31 yx. 

Host : Felis rubiginosa. Stomach. Ceylon. 

(51) Physaloptera gemina V. Linstow, 1899. 

Length, male 11*4, female 19 mm. x *53 mm. thick. 

Two large conical external teeth ; small lateral teeth ; more 
smaller ones internally. 

(Esophagus 1/5*9, tail of male 1/1 9th, of female l/35th of 
body-length. 

Bursa pointed ; 4 pairs lateral .stalked papilla? arranged in two 
groups, 2 pairs pre-anal and 2 pairs post-anal. Eleven ventral 
papillte, of which 3 are in a pre-anal row% 2 in a row just behind 
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the anus, 4 stalked and in a transverse row just in front of middle 
of tail, 2 stalked and at the junction of last tail quartei*s. 

Eggs 62 X 32 fi. 

Host : Felis catm domesticus. Stomach and intestine. Egypt. 

(52) Physaloptbra cesticillata Sonsino, 1889. 

Length 1^-3 nim. and more, slightly attenuated anteriorly, 
obtuse behind. Two retractile lips, with teeth on its inner front, 
an<l with at least one well-developed lateral papilla. A w'ell- 
defined collar over the lips. 

Male. Bursa of variable size, elongate and bent inwards. 
Four pairs of lateral pedunculate papilhe,and six pairs of ventral 
sessile papilliie plus two unpaire<i papillae, one of which is pre- 
anal, and the other between the last pair of ventral post-anal 
papilht*. Except for the posterior unpaired papillae, the arrange- 
ment of the papillae is similar to that found in Ph. papillotruncata. 
Yen tral surface of bursa with longitudinal rows of spikes. 

Female immature. Tail niucronate and anus 500 p from its tip. 

Host: Cants cerdo. Stomach. Egypt. 

(53) Physaloptera touquata Leidy, 1856. 

Males unknown. Females •25-*5 inches long by *02 inches thick 
(3-6 lines X *25 of a line). 

Body cylindrical, attenuated anteriorly; a conspicuous and 
narrow collar round the head ; lips half conical, each with a pair 
of lateral |Mipill» and a group of four teeth on its apex, of which 
one is external to the others. Tail short, conical, obtuse, recurved 
from the nual aperture. 

Host : Meles labradorica. Stomach. [America.] 

Stossicli (1889) ILsts this s|>ecies under 8p. Inq., but the nature 
of the lips and the collar round the head, together with the 
nature of the teeth, strongly suggest that this species is a true 
Physaloptera. 

(54) Physaloptera mepuites Solanet, 1909, 

Host : Mephites suffbcans. Buenos Aires. 

(The description of this species, published in the ‘ Revista del 
Centro d. Estados d. Agronomia y Veterinaria,* Buenos Aires, 
was not available for reference.) 

(55) Physaloptera elegantissima Stossich, 1902, 

Length of female 50-60 mm. Male unknown. 

Body large, cylindrical, and attenuated anteriorly. A large 
more or less imbutiform cuticular expansion embracing most of 
the cephalic region except the lips. Two lateral lips, large, and 
each has three large papilla — one central and two lateral. 
External tooth large and conical, supplemented by two subequal 
denticles. Tail conical and rounded. Eggs smooth and elliptical 
with very thick shell. 

Host : Eatdm eapensis. Stomach. Eritrea. 
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(56) Physaloptera guiarti Garin, 1913. 

Length Ji5min., breadth 2 min. 

Body cylindrical, elongate, and yellowish in colour; trans- 
versely striated. Anterior extremity with chitinous expansions. 

Teeth absent. 

Male caudal extremity bent, with margin of also lobulated and 
corrugated ; anal aperture in middle of bursa. Pour pairs of 
circumcloacal papilla*. No internal papilla*. 

Host : LeptonychottB weddellL Stomach. S. Pole. 

From Garins brief description and crude di-awing, this 
pamsite is a Physaloptera, but the absence of teetli and internal 
papilhe on the tail of the male is very remarkable, and suggests 
the possibility of their having been overlooked. 

(57) Physalopteiu ccelebs v. Linstow, 1897. 

Male 7 mm. long x *51 mm. thick. Female unknown. 

CEsophagus 1/4*6, tail 1/15*4 of body-length. 

Four pairs of Lateral stalkc<l papilhe. Three pre-anal ventral 
papilla3 arranged in a triangle. Five pairs of post -anal ventral 
papillae, of which the last two pairs are stalked : pairs ] and 2 
just behind last pair of lateral papilLa* ; paii s 3, 4, and 5 in 
posterior third of tail. 

Host : Centetes ecaudutm. [Madagascar. 

(58) Physaloptera dispar v. Linstow, 1904. 

Length of male 16*6 mm. by *53 nun. broad ; length of female 
25 mrn. by *95 mm. thick. 

Two rounded lips surrounded by a euticiilar collar. External 
tooth rectangular, with two small papilla* on either sidt ; furtlK*r 
back there is a larger papilla on either side. (Esophngtis in 
male 1/4*9, in female 1/6*2 of body-length. 

Tail in both sexes rounded, and forms lyl9th in the male and 
l/26th in the female of the body-length. 

Caudal bursa of male with four ]>airs of elongately stalked 
papillae; five sessile papillae round the anus, one being pre-annl 
and four being post-anal ; four fui ther pairs of post- anal papilhe, 
of wliich the most anterior pair is just behind the level of the 
last pair of stalked papillje, the 2nd and 3rd pairs close together 
at about the middle of the tail, and the last towards the toil tip. 
Spicules very unequal ; right broad and *35 mm. long, tlie left 
slenderer Jiiul *62 mm. long. 

Vulva divides the body into ratio of 3:8; eggs thick-shelled 
and embryonated, 57 x 39 /x. 

Host : ErincLceuB alhiventris. Stomach. Nigeria. 

Seurat (1917 6) has identified this species with his specimens 
of PA. claitsa*' If von Linstow’s description of the lips and 
arrangement of the bursal genital papillae is correct, then this 
species cannot be regarded as the same as SeuraFs specimens. 
Consequently, I think that until von Linstow^’s specimens have 
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been re-examined, bis and Seurat's specimens most be treated as 
separate species* 

(59) Physaloftbba incurva v. Linstow, 1908. 

Length of male 20 mm. by *75 mm. broad; female 47 mfn. long 
by r58 mm. thick. 

Two lips, dorsal and ventral ; each with three teefch. 

(Esophagus of male 1/7*6, of female l/8th, tail of male l/22nd, 
of female l/235th of body-length. 

Maje bursa with four stalked papillae — an unpaired pre-anal 
ventral papilla and three pairs of equidistant post-anal papillae. 

Spicules unequal, right *36 mm. long and broad, left *57 mm. 
long and narrow. 

Vulva divides body into ratio of 34 : 59. Eggs 57 x 39 fi. 

Host : Erinacem frotUdUa. Stomach and intestine. Elalahari. 

It is doubtful whether von Linstow's observations in connection 
with the lips are correct. As all the other characters are 
typically those of the genus, it is probable that the lips are 
lateral in position and not dorsal and ventral. 

(60) Physaloptera ciRCULARis v. Linstow, 1897. 

Length of male 15*2 mm.; length of female 24 mm. by 1*9 mm. 
thick. 

Two lips, each with two rounded swellings internally, and 
three external papillie. 

(Esophagus of male 1/4*3, tail of male 1/15*4, tail of female 
1/6 1st of body-length. 

Four pairs of circumcloacrd stalked papillm ; one pair of sessile 
papillm in front of, and an unpaired papilla just behind anus ; 
three paira of post-anal ventral papillsB, of which pairs 1 and 
2 are close together at about the junction of the first two 
quarters of the tail, and the 3rd at about the middle of the tail. 

Eggs with very thick shells, 49 x 33 /*. 

Host : Mus raJtiuB, Stomach Madagascar. 

It is quite possible that von Linstow missed an unpaired pre- 
anal sessile papilla and four small sessile papillae just behind the 
anus. If this should later be found to be the case, then there 
would be reasonable ground for supposing this species to be 
either the same as, or very closely related to i%. muria- 
hraailienais Dies. 

(61) Physaloptbra ruwenzorh Parona, 1907. 

Length of male 9-9^ mm., of female 14-17 mm. 

Body attenuated for a short space anteriorly. Large lips with 
small papillae. Teeth large and conical. (Esophagus l/6th of 
body-len^h. 

Male caudal bursa large, with laige 011*00101* expansion anteriorly 
and conical terminal portion ; cuticular ornamentations absent ; 
Proc. Zool. Boo. -1922, No. LXXIII. 73 
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four pairs df lateral and circunicloacal stalked papillae ; a large 
pre-anal unpaired ventral papilla; behind anus two pairs of 
ventral papillae and a large unpaired papilla in front of them. 
Spicules unecjual, pointed and slightly bent. 

Tail ©f female long and attenuated. Vulva divides body into 
ratio of 1:2; it is slightly raised and papillate. Eggs oval, 
thick-shelled, containing partially developed embryos. 

Hosts: Arvicanthia ahyadnicna. Intestine. Fort Portal, 
Africa. 

Epimys ugandce {Miia ugandce). Intestine. Fort 
Portal, Africa. 

(Compiled partly from Parona and Hall's (1916) descrip- 
tions.) 

(62) Physalopteba sciuri Parona, 1898. 

Length of male 16 mm., of female 17-32 mm.; breadth of 
male *5 mm., of female ‘5-1 mm. 

Two large and semicircular lips, with foliaceoiis external 
tooth. 

Caudal bursa of male large and lanceolate ; 4 pairs of lateral 
stalked papillm situated circumcloa«illy ; a large unpaired papilla 
close behind the anus ; 2 pairs of ventral papillie situat(al 
marginally and at about the middle of the tail ; a pair of small 
ventral papillse near the tip of the tail. The I ansa is ornamented 
with numerous tubercles. The anus is large and circular, and 
has a scalloped and raised edge. 

Tail of female obtuse. Vulva non -protuberant, and divides 
the body more or less into the ratio of 1 : 2. Single uterine tube. 
Eggs small and spherical, with a diameter of 16-22 y.. 

Host : Sciurtia melanogaater. Stonracli and intestine. 

Mentawei. 

As Hall (1916) has pointed out, Parona's observations with 
regard to the uteri is probably incorrect ; in all other Physalo- 
ptera in which the number of uteri has been determined they 
are never less than two. 

(63) Physaloptera inermis v. lanstow, 1 906, 

Length of male 21'5 mm. by 1*26 mrn. tliick ; lengtli of 
female 51 mm. by 1*62 mm. thick. 

QSsophagus of male 1/3*8, of female 1/8*5, tail of male l/21st, 
of female 1 /425th of body-lengtli. 

Bursa with four stalked papillre on either side and four pairs 
of equidistant ventral and post anal papilhe; the most anterior of 
these are situated at about the middle of the tail. Ixrngitudinal 
striations on alee. 

Spicules 2*37 mm. long. 

Vulva divides body into ratio of 11 ; 17. Eggs 47 x 26 p. 

Host: Seiurua prevosti. Stomach. Koenigsberg. 
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(64) PHYSAIiOPTBEA OITILLI (Eud., 1819), Hall, 1916. 

Syn. SpiropUra citiUi Eud., 1819. 

Male unknown ; female 7-13 mm. long by 400 p thick. 

“ Body curved. Anterior extremity very slightly attenuated. 
Head rounded, continuous with the body, and with the cuticle 
inflated. Mouth with two large lips. Six head papillsB, of 
which there are two conical papillsB situated on each side near 
the angle of contact of the two lips, and one spherical papilla at 
the base of each lip. Cuticle densely striated transversely. 
Posterior extremity of female obtuse. Vulva in anterior portion 
of body." 

Host : Citellus eitellus. Stomach. 

Hall (1916) transferred this species to Physaloptera^ partly on 
the opinion expressed by Molin and partly because the description 
could apply to a member of this genus. I follow both these 
authorities, and consequently list it as a valid member of the 
genus Physaloptera. 

(65) Physaloptera fyramidalis v. Linstow, 1879. 

Length of male 18 mm. by 1 mm. thick ; length of female 
60 mm. X 1*5 mm. thick. 

Two pyramid-like lips, dorsal and ventml in position. Outer 
tooth [)ointed, inner tooth of same size and tripartite. CEso- 
phagus 1/5*7, tiiil l/28th in male and l/56th in female of body- 
length. 'Pwo preanal and two post -anal stalked papillse in 
caudal extremity of male ; in addition 4 pairs of unstalked 
papilloi, of which one pair is pre-anal and 3 pairs post-anal. 

Vulva at junction of Ist and 2ud body fifths. Eggs very 
thick-shelled, 42 X 33 p. 

Host : (JhoWpus didactylus, “ An den Behneu der Zehen." 
Surinam. 

This species appears to differ from Ph. papillotrunoata by its 
pointed outer tooth and by the more anterior position of the 
vulva; nevertheless! am inclined to think that this species is 
identical with or a variety of Ph. papillotruncata. 

It is possible that von Linstow is mistaken in the position of 
the lips, and that they are rerilly lateral. 

(66) Physaloptera limbata Leidy, 1856. 

Length *5 inch, breadth '02 inch (6 lines X *25 of a line). 

Mouth two-lipped and surrounded by an elevated linear 
margin. Caudal extremity of male alated and having four pairs 
of divergent and stalked papillae. 

Host: Soalopa canadensis. Stomach. Philadelphia. 

Molin (1860) lists this species under Sp. Iiiq. ; however, in 
view of the fact that there are two lips suri-ounded by what may 
be interpreted os a cuticular collar, and that the male bursa is 
alated and has four ([mirs) of stalked papilte, I think there is 
good gmund for supposing that this species is a true Physaloptera, 

73 ^ 
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(67) Physaloptbra nasilionis Gedoelst, 1916. 

LarvfiB: length 6 mm. Two lateral lips. External tooth 
triangular. CEsophagus 2‘23->2*33 mm. long. Nerve ring in 
posterior quarter of muscular oesophagus. Tail ^conical and 
blunt, 215 /A long. 

Host ; Jffasilio hrachyrhyuvchua. “ Tissu conjonctif.” Belgian 
Congo. 

(68) Physaloptbra bilabiata (Oreplin, 1829), Diijardin, 1845. 

Two large lips, prominent and obtuse. Body much attenuated 
anteriorly. Caudal extremity of male reflexed, alate, elliptical, 
with four stalked papillae. Tail of female conical and obtuse. 

Length, (S 0*025, $ ultra 0*025 ; breadth 0*001. 

Host : Laniua minor. Intestine. (Extracted from Stossich^s 
Monograph.) 

(69) Physaloptbra mbgalostoma Oreplin, 1829. 

Syn. Spiroptera megalostoma Duj., 1845. 

Ph, dlata Stoss., 1889. 

Head naked, with large and simple month. Caudal extremity 
of male with alae up to its tip ; female straight, with rounded 
extremity. 

Host : Fcdco nisus, Provontriculus. Greifsw. 

This species is considered by Molin (1860) and Stossicli (1889) 
to be the same as Ph, alata Itud. 

(70) Physaloptbra inflata (Mol., 1800), Sto.^sich, 1889. 

Syn. Spiroptera inflata Mol., 1860. 

Length of female 7 mm. ; male unknown. 

Body striated and attenuated posteriorly. Cuticle of head 
inflated; no internal teeth on lips. Caudal extremity conical, 
with an obtuse apex. Vulva in anterior |)art of body. 

Host : Falco unidnctus. Stomach ami oe-sophagus. Brazil. 

(71) Physaloptbra crassa v. Linstow, 1879. 

Male 14 mm. long by 1*5 mm. thick ; female 23 mm. long by 
2 mm. thick. 

Lips pyramid-shaped, each with two outer papillte and two 
median teeth, of which the inner is tripartite. (Esophagus 1/4*7 
of body-length. Cervical papillm *6 mm. from anterior end, 
situated dorsally and ventrally. 

Tail of male rounded, 1/11*7 of body-length, Bursa with six 
pairs of papillie, of which the anterior five are stalked ahd 
arranged in a longitudinal row close to the anus ; the 6th and 
unstalked papill® are found on the inner side of the 5th pair. 
Cirri unequal, *66 and *36 mm, long. 

Tail of female rounded, l/22nd of body -length. Eggs 49 p by 

26 fi. 

Host : Alauda arvensia. Intestine. Stuttgart. 
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(72) Physaloptbka trunoata Schneider, 1866. 

Male 25 mm. and female 33 mm. long. 

Outer tooth knobbed, “ mit beilartiger Schneide.*' Inner 
teeth heart-shaped. 

Four paii*8 of lateral and stalked papillse on male tail ; the 
distance between the 2nd and 3rd somewhat greater than that 
between the 1st and 2nd, and between the 3rd and 4th. Three 
pre>anal papillse in a row, the central one of which is small. The 
1st and 2nd pairs of post-anal ventral papillae small and just 
behind anus ; three larger jm-irs further dowui. The ratio of the 
distances between the 2nd and 3rd, the 3rd and 4th, the 4th and 
5th, the 5th and the tip of the tail is about as 1 : 1 : 2 : 2. 

Host; Phasiamia galhia. Stomach. Brazil. 

(73) Physaloptera pusiformis v, Linstow, 1902. 

Male 18 mrn. long by 1*38 mm. thick ; female 30 mm. long by 
1*97 mm. thick. 

Two rounded lips, each wdth three small papillte on outer 
edge. (Esophagus of male 1/3*8, of female 1/5*3 of body-length ; 
tail of male ]/23rd, of female l/20th of body-length. Bursa 
small and heart-shaped; four pairs of lateral stalked papillse; one 
pair of sessile papillae in front of anus and separated from each 
other ; a pair of sessile papillae just behind anus ; an unpaired 
papilla in middle of tail, and three more pairs behind it and 
ecpiidistant from each other. 

Vulva in anterior half, and divides body into ratio of 13 ; 56. 
Eggs 81 X 26 /Lt. 

Host : Mio'opogon sp. Breslau Museum. 

(74) Physaloptera dentata v. Linstow, 1883. 

Male 7 mm. and female 12 mm. long and *96 mm. thick. 

Two large lips, each with a large terminal outer tooth and 
spike-like inner tooth. Cervical impillaa *48 mm. from head end. 
(Esophagus 1/4*2, tail of male 1/1 1th, of female l/25th of body- 
length. 

Bursa lanceolate, alie ornamented with conical tubercles 
aminged longitudinally ; four pairs lateial stalked papillae, all 
are pre-anal ; one unpaired papilla in front of anus and thiee 
pairs behind it ; pairs 1 and 2 close together in middle of tail, 
often fused together ; pair 3 at junction of last two tail quarters. 

Eggs 52 X 43 fjL. 

Hosts : Agama aanguinolenta. Intestine. Turkestan. 

Vipera berua, ? » 

Phrpnocephcdua auritus. Mouth and intestine. „ 

(75) Physaloptera britanioa Skrjabin, 1916. 

Length of immature female 42 mm,, breadth 6 mm. Male 
unknown. 
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(Esophagus 5*44 mm. long. Cervical papiilse *6 mm. from 
anterior end. Tail conically pointed, *46 mm. long. Narrow 
alsB on both sides of body. 

Vulva 4*25 mm. from head end. 

Two large lateral lips, each with large external tooth ; on 
inner face a series of smaller triangular and pointed denticles on 
either side of median tooth ; 10-11 of these on either side, and 
the 5th and 6th of them, from the external tooth end, are large. 

Host : sp. Intestine. British East Africa, 

(76) Physaloptbra sonsinoi v. Linstow, 1895. 

Length of male 6*5 mm., of female 6*7 mm. and *48 mm. 
thick. 

A conical tooth on top of each lip. 

(Esophagus of male 1/4*6, of female 1/2*75, tail 1/9*25 in male, 
and 1/1 8th in female of body-length. 

Male caudal bursa elongate ; 4 pairs of circumcloacal stalked 
papillae ; 3 pre-anal sessile papillie in a triangle ; 2 large and 
oval just behind anus, and slightly further hack 2 smaller and 
rounded papilla?; in middle of tail 4 papillie in a transverse row, 
and further back 2 pairs, of which the anterior pair is large, and 
each papilla of which contains 2 pulps. 

Bight spicule 1*89 mm. long; left spicule *32 mm. long and 
much broader. 

Vulva divides body into ratio of 5 : 31 . Eggs 57 x 39 fi. 

Host : Agama mutahilis, 8tomach. Pisa. 

Since the spicules are so unequal, it is possible that von Linstow 
has mistaken the right for the left. 

(77) Physaloptbra ALoisii-SABAuniiE Parona, 1907. 

Male 6 mm., female 11 mm. long. 

Body attenuated in anterior third. Two large lips with large 
tooth, and with a series of denticles and one papilla on each lip, 
(Esophagus l/4th of l)ody-length. 

Male bursa lanceolate ; without tubercles on its surface. Anus 
surrounded by papillae ; ipour lateral papillee longly pedunculate ; 
2nd and 3rd post anal pair slightly stalked. Spicules large, long, 
and unequal. 

Female with short tail ; eggs oval, small, thick -shelled, and 
embryonated. 

Host : Agama atricoUia, Intestine. Africa. 

(78^ Physaloptera spiralis Schneider, 1866. 

Length of male 14-22 mm. ; length of female 29-67 mm. 

Outer tooth pointed, inner tooth absent. Inner face of lips 
provided with denticles. A pair of these behind the tooth in 
the middle of the lip; on either side of it an additional pair 
towards the edge of the lips; dorsally and ventrally a row of 
about five. 
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Tail of male straight. Four pairs of lateral stalked papilla ; a 
pair of sessile mpillse in front of anus and 3 pairs post-anal : 
of these latter the last pair is situated at about the junction of 
the last tail thirds, and the other two pairs are situated close 
together just in front of the middle of the tail. 

in the largest females the vulva is 10 mm. from the anterior 
end. Posterior part of body spirally coiled and tail slightly bent 
dorsalwards. 

Host : AmphkJxjena sp. Stomach. Brazil. 

(79) Physaloptera Antarctica v. Linstow, 1899. 

Lengtli of male 27 mm. by *79 mm. thick ; female 42 mm. long 
by 1*18 mm. broad. 

Two lateral lips, somewhat rounded ; each bears a conical 
outer tooth and two small inner side teeth. 

(Esopliagiis of male l/8‘3, of female 1/8*6 of body-length ; tail 
of male l/23r(l. of female l/54th of body-length. Male cloaca! 
aperture large and rounded, and on either side of it four papillae 
with long stalks. Thirteen ventral papillae, of which 3 are pre- 
anal, 4 just behind the anus in two rows, 2 on either side behind 
each other in middle of tail, and further back another one on 
either side. 

Tail of female conical, with roiinded tip ; eggs very thick- 
shelled, 54-44 X 42-31 /x. 

Hosts : Acanthophis antarctica, S. Australia. 

Cyclodm occipitalis. (Esophagus. 8. Australia. 

I have identified this species with my specimens from Varanus 
varius and Python s^Alotes. 

(80) J^UYSALOPTERA ALBA StoSSlch, 1902. 

Male 25-28 mm. long; female 42 mm. long. 

Weakly-developod lips, each with two large submedian papillie 
and with very weak teeth. 

Male bursa lanceolate, with minute ornamentations on its 
ventral surface. Four pairs of lateral papillae with long peduncles. 
Five pairs of ventral papillie arranged in two gioups, viz. three 
pairs towards the end of the tail and two pairs just behind 
the anus, of which the outer pair has double pulps. 

Tail of female conical. Vulva at the anterior third of the 
body. Eggs embryonated, elliptical, with very thick shell. 

I have identified this species with Ph. a7Uarctica v. Linst., 1899. 

Host : Cyclodm hoddasrtii. Proventnculus. Nuova Olanda. 

(81) Physaloptera amphibia v. Linstow, 1899. 

Male 12 mm., female 18 mm. long by 1'06 mm. broad. 

Two half-rounded lips. External tooth lar^ and cone-shaped, 
internal tooth small and tripartite. (Esophagus 1/4*4 in Uie 
male and 1/8*3 in the female of the body4ength. 
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Tail of male 1/15*5, of female l/82n(i of body-length. Bursa 
with four pairs of stalked lateral papillce arranged in two groups 
separated from each other j 1st group of two papillse is pre-anal, 
2nd group is post-anal. Four pairs of ventral sessile papillae, of 
which one pair is pre-anal and the other three are in the 
posterior half of the tail ; the central pair of these last three 
pairs is slightly nearer the front than the hind pair. 

Eggs 55 /AX 29 /i. 

Host : Rawk macrodon. (Esophagus and ventriculus. Luzon. 


SPECIES INQUIEENDjE. 

(82) Physaloptbra abjecta Leidy, 1856. 

Length of female *83 inches, breadth *04 inches (10 lines x *5 
of a line). Male unknown. 

Body most narrowed anteriorly, incurved. Mouth distinctly 
bilabiate ; lips lateral, prominent. Caudal extremity incurved, 
obtusely conical.” 

Host : Paaramophia Jlagelliformia, Stomach. [U.S.A.] 

(83) Physaloptbra brevicauda v. Linstow, 1909. 

Two lips widened outwardly, their pulp narrower at its base ; 
a papillsd in their middle, and right and left of it a cone-shaped 
tooth. 

Male 27mm. long x '83 mm. thick; female 42 mm. long 
X *95 mm. thick. Tail of male rounded, l/69th of body-length, 

Bursa somewhat heart-shaped and alsB ornamented w ith longi- 
tudinal striae. Six pairs of stalked papillae — 4 pre-anal and 2 
post-anal ; the post-anal pairs are situated in a transverse 
row just behind the anus. Spicules equal, 1*4 mm. long, and 
rounded at their tips. 

Vulva just behind middle of body ; it divides body into ratio 
23 : 21. Eggs 39 x 26 /i. 

Host : Francolinua adsperaus. Intestine. S.W. Africa. 

The shape of the lips, arrangement of the male caudal papillss, 
length of the right spicule, position of the vulva, and small size of 
the eggs, seem to indicate that this species is not a Physaloptera. 
From the description I am not able to place it in any known 
genus, and consequently list it under 8p. Inq. 

(84) Physaloptbra malleus v. Linstow, 1883. 

Length of male 20mm. by •76mm. thick; length of female 
42 mm. by 1*5 mm. thick. 

Two very large and rounded lips, (Esophagus 1/6*5, tail of 
male 1/33*3, of female l/269th of body-length. Bursa oval, with 
ix>und6d prominences arranged in transverse rows. Six pairs of 
stalked papillie, of which 4 pairs are pre-anal, and 2 pairs are 
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post-anal in position ; these last situated just in front of middle 
of tail. Spicules unequal, the larger having a double barb at its 
tip. Eggs double-shelled, the outer being the thicker ; they are 
46 X 29 fi. 

Host : Corvm cornix, Turkestan. 

This is probably not a Physaloptera, as evidenced by the 
rounded lips without teeth, the arrangement of the bursal 
papillae, and the presence of a hook on the spicule. 

(85) Physaloptkea papillobadiata v, Linstow, 1899, 

Length of male 32 mm., of female 56 mm. by 790 fi thick. 

Two rounded lips. 

CBsophagus 1/1 2th, tail of male l/7th, of female l/127tb of 
body-length. 

Bursa with 4 pairs pre-anal and 2 pairs post-anal stalked 
papillae ; 7 pairs of post-anal ventral papillse, of which 1 pair is 
just posterior to the anus, and the remaining 6 pairs are aggre- 
gated at the posterior end of the tail. 

Eggs 26 X 1 2 /bt. 

Host : Ca7ii8 lupus. Pectoral cavity. Persia. 

As figured by von Linstow, the arrangement of the caudal 
papilbe is very similar to that of PA. rotu^ata v. Linst., except 
that in rotmvdata there are 5 papillae at the base of the tail, 
whereas in papilloradiata there are 12. I have placed this 
species under Sp. Inq. because of this similarity, and because 
Seurat has found PA. rotundata to be a Habronema. 


(86) Physaloptera spirula Hempr. k Ehrenb., 1828. 

Male 6mm. long; female unknown. Head continuous with 
body. Mouth papillate. Caudal exti’emity of body provided with 
closed bursal alte. 

Hosts : Prooavia syriaca. 


jy . I Large 

rrocama capeims, J ® 

(Extnuited from Hall, 1916.) 


intestine. Syria and Ai*abia. 


SPECIES WRONGLY ATTRIBUTED TO THE GENUS. 

(87) Physaloptera rotundata v. Linstow, 1906. 

Length of male 16*6 mm. by 1*1 mm. thick ; length of female 
20*3 mm. by 1*5 mm. thick. Both ends of body rounded. 

Two large lips, each bearing a prominent papilla on each side. 
(Esophagus 1/8*6 in male, l/9th in female, tail in male l/40th, 
in female l/20th of body-length. 

Bursa narrow, with 6 pairs of lateral stalked papillse, of which 
4 pail's ai*e pre-anai and 2 pairs post-anal. Two pairs of ventral 
papillae at tip of tail, and just in front of them an unpaired 
papilla. Spicules unequal; right 610 /a, left 2170/4 long, both 
with rounded tips. 
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Vulva divides body into ratio of 6 : 15. Eggs 39 x 26 ft. 

Host ; Otis houhara. Intestine. Koenigsberg. 

Seurat (1914 <£) has identified this species as a Habronema. 

(88) Physalopteba bulbosa v. Linstow, 1906. 

Host : Pavo spicifer. Stomach. 

I have recently found specimens of this parasite in the proven- 
triculus of Pavo cristatus from India. From my observations on 
this material I find that this parasite is not a Physaloptera, but 
belongs to the genus Cyr^iea Seurat, 1914, A detailed description 
of it will appear in a later publication. 

(89) Physaloptera contorta Leidy, 1856. 

“ Body capillary, most narrowed anteriorly with the posterior 
4/5th spirally contorted ; white, with the intestine brown. Lips 
prominent, constricted from the body, trilobate. I’ail short 
conical, acute, in the male with narrow al»e each furnished with, 
five funnel-shaped pores. Length of female from 6 lines to an 
inch ; breadth to one quarter of a line ; male from one-half to 
three-quarters of the size.’’ 

Hosts : Emys s&n'ata^ Emys reiimlaia^ Cistwto Carolina^ and 
Kinosternurn pemisylvanlcum. Stomach. [U.S.A.J 

Baylis and Lane (1920) suggest that this species is probably 
identical wither closely related to JSpiroxys (Kud., 1819), 

Schn., 1866. I have been able to examine some specimens of 
Spiroxys contorta obtained from Emys orbicularis, and from my 
observations Baylis and liHiie’s view appears justifiable. Accord- 
ing to Leidy ’s description, these parasites must be excluded from 
the genus Physaloptera because of their trilobed lips. Molin 
(1860) has already doubted the Physalopteran afifinities of this 
species. 

(90) Physaloptera constricta Leidy, 1856. 

Length, female 1 1 inches, male half as long. 

Lips large, lateral, constricted from body, and trilobate. Tail 
of male with long and narrow turgid alte ; that of the female 
incurved, conical, and acute. 

Host : Tropidonotus sipedon. Stomach. [U.S.A.'j 

The nature of the lips definitely excludes this parasite from 
the genus Physaloptera, no members of it having trilobed lips. 
Baylis and Lane (1920) suggest that this parasite may be 
a Tanqua. I agree with them in so far that it falls into the 
family Gnathostomidro as redefined by them, but as to its closer 
relationship to any of the genera of this family, it does not appear 
justifiable to draw any conclusions ; Leidy ’s brief description of 
the paiBsite is equally applicable to the genus Spiroxys as to the 
genus I'anqua, 

Molin (1860) also expressed doubt as to this species belonging 
to the genus Physaloptera, 
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(91) PHVSALOFTEaA MUOEONAYA Diesing, 1851. 

Host : Alligator miesissippiensis, Georgia. 

This parasite has been found by Molin to be an Ascarid, and 
voii Drasche has identified it with Asoaria lancedata Mol*, 1860. 

(92) Physalopteka ovata v. Linstow, 1907. 

Length of male 13*8 mm. ; length of female 16*8 mm. by 
1*22 mm. thick. 

Mouth surrounded by 6 cones. Cbisophagus of male 1/4*4, of 
female 1/3*5, tail of male l/14th, of female l/53id of body-len^h. 

Bursa oval, with 5 pairs of equidistant and lateral stalked 
papillae, the 2nd being the longest; 2 pairs are pre anal. 
iSpicules equal 290 p long. 

The vulva divides the body into the ratio of 13:31. Eggs 
narrow, 42 X 13 /i. 

lAo&t \ Astur melanoleucm, Ventriculus, Cameroon (Kamerun). 

The nature of the lips rules this species out of the genus 
rhyaalopiera ; this is supported by the nature of the bursal 
papillae and by the extremely narrow egg. 

The description is too incomplete to definitely say to which 
genus it should be transferred, but it appears to have some 
resemblance to the genus.Cyneea Seurat, 1914. 

(93) PllYSALOPTERA 8AGINA1A llud., 1819. 

Syn. Spiropiera aaginata (Rud.), Duj., 1845. 

^ I examined examples of this species from Corvva cajamta and 
CaprimtUgua gtiianenaia while at Vienna, and am consequently 
able to coufiiiu Molin’s (1860) view that this species is a Spiro- 
ptera, 

(94) Physaloptbra steuta v. Linstow, 1883. 

Length of male 18 mm., breadth *48mm. ; length of female 
25 mm., breadth *66 mm. 

Two dorso- ventral lips, small and rectangular, having a wavy 
anterior border and divided into three parts interaally ; 4 small 
interlabia. Tail of male spirally rolled, 1/37*5 of body- length ; 
tail of female rounded, l/83id of body-length. 

Caudal alae of male with longitudinal striations. Four pairs of 
pre-anal stalked pa pill® ; 1 unpaired papilla in front of anus ; 
2 pairs post-anal and dividing tail rougldy into thirds. 

Vulva divides body into ratio of 3 : 2. Eggs 46 x 25 p. 

Hosts : Tropidonotua hydrua, Turkestan. 

Cieonia alha. Stomach. Turkestan. 

Seurat has obtained a Cyrnea from different species of Ciconia^ 
which he identifies with Fh airiaia. This species is undoubtedly 
not a Physaloptera, and from von Linstow’s figure and description 
of the lips 1 think Seurat is correct in transferring it to bis 
genus. 
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(95) Physaloptera steongylina Rud., 1819. 

Syn. Spiroptera affinis Duj., 1845. 

Length of male 7*87 mm., of female 15*25 mm, to 20*25 mm. 

Body white and head appeal’s to have papill® ; tail of male 
with lateml ales, so that it resembles a Strongylid tail. Spicules 
fairly long and thick. 

Host : Cuculua seniculua. Stomach and intestine. Brazil, 

Molin ruled this species out of the genus Phyaalopiera, stating 
that it belonged to a new genus. 

The description is too incomplete to warrant it being referred 
to any now known Nematode genus. 

(96) Physaloptera tenuicollis Bud., 1819. 

Syn. Spiroptera tenuicollis (Bud.), Duj., 1845. 

Male unknown ; length of female 41 mm., breadth 1*15 mm. 

Mouth rounded ; anterior end sharply attenuated for a 
distance of 2*25 mm. 

Host : Falco haliadtua. Intestine. 

MoJin (1860) has identified this species as an Asearis. 
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iNTROmiCJTION. 

The Oligochaita obtainwi by the Oxford University Spitsbergen 
Expedition wore contained in fift^n tubes — four from Bear Island 
and the remainder from Spitsbergen. The specimens fi-om Bear 
Island belonged to two species — Enchytratus aUtidtis Henle and 
Nats joshm Vejd.,— both well known. Of those from Spitsbergen, 
a number wei^e sexually immature and therefore indeterminable 
(MesencAytretits two species of I/mleat Enchytrmxts sp,); the 
remainder^ most of which occur in more than one of the tubes, 
comprise two species of llmha^ one of J^ichytrasuSi and two of 
LmtibrmUuSy all appai-ently new. With the exception of the 
Naia from Bear I.sland, all the worms thus belong to the family 
Enchytrmidae. 

pBOC. ZooL. Soc,~l922, No. LXXIV. 
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Our previous knowledge of the Oligoohaeta of Spitsbergen an<l 
Beiu* Island is <Ui8 almost entirely to Ude (17), who, in addition 
to collections from Bear Island (then examined for the first time), 
had also at his <Hsposal a small collection from Spitsbergeti, sent 
to liiiu by Michaelsen and tentatively’’ named, the names having 
alrendy been entered in the ‘ Tierrcicli ’ volume on Oligochjetu, (11). 

The following species are all that have been recorded : ■ - 
From Spitsbergen : — 

Lnmbricillits pcigenatecheri (Ratz.) (originally determined 
and entered in the Tierreich volume as Z, nerrosus 
(Eisen)). 

FridericAa leydigi (Vejd.). 

Mesenchyb^cBaa sp. indeterminable. 

From Bear Island : — 

Marionina ehitdensis (Clap.). 

Lttmbricillua fosaarmn (Tauber). 

Lnrnbricillua henkingi Cde. 

Eiichytrceus albidus Henle. 

The only one of these collected by the Oxford Expedition is 
Z iichytrmis albidus. All, as will l)e seen, belong to the 
Encbytrmidap. 

The EnchytraQida^ have always furnished the great majority of 
Oligochffita frojn high latitude.s, and there exists a considerable 
number of records of species of the family from Nova Zembla, 
Northern Siberia, North Russia and Norvvay, Oreenland, Arctic 
Oinada, and Alaska — es[)ecially species of the genera Jhitlen and 
MesmchytnBus. Welch has in recent years (20, 21, 22) drawn 
attention to previous records of Enchytrapidtc found actually on 
ice and snow, and has himstdf examinetl and described a number 
of species from high latitudes, and from snowtields and glaciers. 
Some of these worms show a resistance to cold that can only 
be described as marvellous. Mesemhytritus gelidus was found 
‘•abundantly on the snovvfields ; it “also occurred on the .snow 
on the mountain slope in a dense forest of fir and hemlock,” and 
“on the snow below the ice front and outside of the lateral 
moraines of the Nisqually glacier; . . . when placed on hard- 
packed snow during their active period, tlioy are able to bore 
down through it at will ; , . the snow on which they are found 
i.s not permanent through the entire season, but melts with the 
coming of summer, and it therefore appears tliat a part of their 
life-bistory must be spent on or in the gi’ound.” Mesenchyirmis 
aolifugm var. rainieramia w^as “abundant on the higher snow- 
fields and glaciers of Mt, Rainier in early summer; it was found 
on snowfields which seldom thaw during the summer, and they 
evidently pass the entire existence, generation after generation, 
in the snow and ice.” Beddard (1) mentions that an Enchytraeid 
has been found frozen in a block of ice, and recovered. Mr. Elton 
writes that be has subjected the worms which I have named 
Erichytrceua crymodea to an experiment in which they were frozen 
jsolid and that they survived. 
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It was thus to be expected that Enchytraids should constitute 
the bulk of the collection. There is no mention of enow in the 
data relating to the worms ; and since they thus pass at least a 
part of their life on or in ground free from snow, the conditions 
under which they live are those of Welch’s Enchyirmm gdidua 
rather than of J/. sdifugua var. rainmenaia. 


ZoOGEOORArHICAL EeLATIONS. 

Tlie Oligochfpta may he divided, with reference to their habitat, 
into limnic, littoral, and terrestrial forms; and the Oligocliaeta 
of Bear Island and Spitsbergen may he classified under these 
headings as follows : — 


Limnic. 

Knisjotina, 

HcnUa fieleotrojihna, 
Ilenlea spj). (2). 
JCnch^tra-us crt/modes. 
ICueh Iff fans «p. 
Mesmchjiffraus 


Littora.1.. 

TMinhrieiUtt$ neero}>7mgus4 
hmnhricillua agialites. 
Ijumbriciflus fosiarum. 
Jjumhriciltus henkingi, 
Lumhriciffus pagentUekeri. 
Marimina ehudensU. 
JCnchytraui alhidun. 
Knehgtram crgniwlet. 


Tebrxstexal. 
Ilenlea hrnceu 
MnchgtvantH albidus. 
Triderieia legdigi. 
Mesenchgfrtvus sp. 


Tlu*re is no record of the habitat of some of the previously 
recorded species : of LmnhricllUis fosaarum^ which, liowever, is 
clsevvliere found on the shore, and is therefore so entered here; 
of J’j fichyird^aa alhidua rccordeil from Bear Island by IJde, which 
is also entei ed as littoral, since all his specimens from Bear Island 
of which tlie 1 mbit at is recorded were littoral, and the worm is 
elsewhere common on the shore ; and of Friderityia l<*ydigi^ which 
is entered as terrestrial, since most of the Fridericias are so. 

All the smaller Oligochieta, and therefore all the forms which 
are represeiitcMl in the present and former collections from Spits- 
bergen and Bear Island, are easily transported, and hence are of 
only slight value for considerations of zoogeography. Limnic 
forms have a great diversity of mefins <»f dispersal; they may 
spread directly throughout a river system — tlioiigli this, of courae, 
has no bearing on the present enquiry; their cocoons aie easily 
tmnspoi*ted in the mud wliich adheres to the feet of wading 
birds; some forms are known to encyst, and hence may l>e trans- 
]>orte<l by bii’ds even in the adult state. As a consequence of 
this easy distribution, the same genera — sometimes even the 
same species — are found in widely distant places ; the case is 
similar to that of the Ilotifera and Protozoa, of which the same 
genei'H and species are found in ponils and streams all over the 
world. To illustrate by means of an example, there appears to 
be but one genus, Jirauchiodnlua^ of limnic Oligochceta which is 
peculiar to India, while a number of sf)ecie» are found both in 
India and England, or India and Europe (species of AWs, ChM<h 
jgmier, DerOy Autopkonia, Priatimy etc.). 


7 ** 
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Littoral forms^ living on the shore and exposed at times to 
immersion in salt water, have additional means of dispersal. Being, 
unlike Oligoclijetes in general, immune to salt water, they can be 
transported in masses of seaweed ; or more commonly their 
cocoons are so tmnsported, entangled in masses of weed or otlier 
detritus. Not only can they take jHissession of a whole coast, and 
spread along the shore-line, but they may in this way travel over 
sea for long <listances. Pontodrilns^ for example, which occurs 
along the coasts of India, has a circiuii mundane clistrihution. 

Even terrestrial Oligochoebi ain; by no means always dependent 
on their own unaided activities for enlarging their distribution ; 
there are a considerable number which are especially lia\)lc to be 
transported accidentally — by man or other agencies, — and wdiicb 
show an especial capacity for establishing themselves w'here they 
happen to be deposited. The smaller the worms the easier is 
tlioir dispersal ; certain srmdl species of earth W(^l■lns of the genus 
Dlchoyaster, w’hich has its proper home in A_frica, have spread all 
round the warmer regions of the globe. 

b'ew, however, possibly none, of the w^orms of Spitsbergen and 
Bear Island are exclusively terrestrial. Of those given as 
terrestrial in the above table, Enchijtnvus cdhidm is often fouml 
on the shore; it is perhaps the most wddely distributed of all 
Encbytrieids, and occurs all over Europe, in Noiih America, and 
in South America as far as Patagonia and Tieria del Fuego, as 
well as wdtlun the Arctic circle in (Greenland ajtd Nova Zembla 
The specie’s of MeHenchutrans fouml at Oape Bohcinan among 
plants in dry tundra was also obtained among im'!-ses on the 
lianks of a freshwater pond, more or less umh’i* water, and is 
therefore limnic as w^ell as teriestrial. '.rhe llmha fc und among 
Dryaa etc. on a hill near the coast of Frehlj water H;iy w’as also 
found in tlie Bruce City region, j»ossibly in a limnit* or littoral 
habitat (details of habitat are w'anting for this tube). Fiidei^icio 
leydigu previously obtained from Sjdtsln’rgon, i.> probably the 
most strictly terrestrial of all the above s})ecies, occurring else- 
where in earth rich in liunius and under moss. 

There can tints be no que.stion of anything pecnli.'ir in the 
Oligochfiete fauna of Spitsbergen and lk»nr Island. All the 
^enera are easily tran.sported, and all (except perhaps the Naidid 
genus Nais) have previously been found within tlie Arctic circle 
—IJenlecti in Nova Zembla, N. Hiberia. N. liu.'^sia, N. Norwviy, 
and in the Canadian Arctic; Enchylro'm in N. Russia, Green- 
land, and tlie Canadian Algetic; Lmnhridlhts in Nova Zembla, 
N. Siberia, the Canadian Arctic, and Groenlaml; Fridericia in 
Nova Zembla, N. Russia, and N. Siberia. All these genera also 
occur in Alaska. 

As to wliethei* particular species of Spitsbergen Oligochaeta 
have been evolved lowilly, or imported, it is as yet impossible to 
say, until neighbouring lands have been more thoroughly 
explored. There is some slight gi’ound for supposing that some, 
at least, may have been evolved on the island. On the whole, no- 
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doubt, it is the commoner species of the neighbouring lands that 
are already known to us : and on the whole, no doubt, it is the 
commoner species that, from their frequency, have most chance 
of being transposed. If it had been throughout a ease of simple 
transportation, therefore, we might have expected to 6nd that 
a larger number of the species of worms were known from else- 
where also. 

It seems hazardous to suppose that any of the pi’esent Oligo* 
chaeto fautia could be descended from ancestors existing in 
Spitsbergen before the glacial period. It is true that we now know 
species which can live their lives through, and reproduce them- 
selves, on ice and snow. The food of such worms, according to 
Welch, writing of the specimems from Mt, Rainier, seemed in one 
case {Mesendiytrfens yelidus) to be microscopic algfe having the 
appearance of Pleurococcua^ and the snow over which tho worms 
were crawling bad a red colourdue to a minute unicellular plant; 
in tl)e case of the other worm (ilf. solifuguB vai*. rainierensis) the 
food could not be determined. 

But the food-supply of glacier and snow worms must, one would 
say, be precarious : and it seems dangerous to assume its unfailing 
presence throughout the long duration of the glacial period. 

On the other hand, there are apparently no facts which seem 
to contmdict ‘‘the most reasonable liypothesis of the origin of 
the present fauna — namely, an * occidental ’ peopling since the 
period of maximum glaciation, during which time Spitsbergen 
has been as widely sepamted from adjacent lands as it is now.^' 

On the “PePTONEPHRIDIA'’ of the ENCHYXRASIDiE. 

Certain structures connectetl with the first portion of the 
alimentary canal in a number of Enchytrteids are known as 

peptonephridia,” or sometimes as ^‘salivary glands.” 

(1) The best known of these structures are a pair of tubules 
which arise from just behind the pharynx, and extend backwards 
for some little distance free in the body-cavity. They are well 
developed, for example, in Enchytrmis alhidm^ a worm which is 
abundantly represented in the present collection. Here the 
tubules open into a dorsal diverticulum of the alimentary canal 
just behind the pharyngeal mass : they Sometimes extend back- 
wards into segm. v., while sometimes they do not transgress the 
hinder limit of segm. iv. ; their general course is sinuous or 
contorted, and in addition the outline of the walls is marked by 
numerous smaller sinuosities or crenations. The diameter of tho 
tubules varies — it may be about 50 p, or may be less ; that of the 
lumen may be 42 p or less ; the diameter is least near the origin 
of the tube from the alimenta.ry canal, where the whole structure 
is only 16 p thick, and the lumen is very small. The walls are 
mostly thin, about 4 p thick, but in places are much thicker — 
as much as 15 ^ ; numerous nuclei are seen in the walls — in a 
transverse section of one of the tubes there may be about six , 
I. s. the lumen is intercellular. 
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(2) In the genus Uenlm there are often found other organs, 
situated in the middle line, one dorsalJy and one vontraliy on 
the oesophagus, in segm. vi,, sometimes extending forwards into 
v.^ and backwards behind vi. for, it may be, several segments. 
The association with the wall of the alimentary tube is here much 
more intimate than in the case of the former structures ; these 
are closely apposeil to the wall of the msophagus for the whole or 
the greater part of their extent ; they may even be contained for 
a considerable part of their extent within the wall, between the 
epithelial and muscular coats (Welch, in IL moderata (19), which 
I can confirm in II, hntcei and IL JmUotrophni), They frequently 
give branches. 

While the former structures have little about them that can 
remind the observer of nephnMia, these have much more the 
appearance of the peculiar type of iiephridium found in the 
Enchytraeid® — a spongy-looking, scarcely staining tissue, with 
nuclei but no visible cell-limits ; sometimes there seems to be no 
lumen in the interior — nothing more than the interstices of the 
spongy cell-substance, sometimes there Jire irregular spaces and 
tubular cavities, and sometimes a single well-defined central 
lumen. They have, however, no ciliated funnel or any kind of 
internal opening. Cejka, in the worms which he called Ilepaio-- 
gaster, states (3) that there ar-e indications of the double origin of 
these apparently single and median structures ; in this I agree 
(compare the transverse sec^ion of a ventral organ of //. briieeiy 
fig. 1 ; the description of tlie ventral organ in Jfenlea sp. (l),po«i{., 
and of the dorsal organ in IL Meotrophifff, where possibly there 
is no connection between the masses on the right and left sides) ; 
while Welch finds that in IL ochracea (22) tlie organs actually 
paired, one paii* dorsally and one pair ventral ly. Jt is, perhaps, 
this type of gland which is intended by Friend in his reference 
to the salivary glands of IL alba (7) and II, inasiiata (8), and to 
the ‘‘special glands'^ of IL hmiom (8), 

(;]) There is a third typo of organ, which is apparently witlely 
spread in the family. Descriptions of these strnctures are given 
for all the newly described species below, and tliey also occur in 
the Memwhytrmi 9 ; I have described and illustrated similar 
structures in the Indian worms Knchylnms harkudenais (14, and 
see also pi. vi. fig. 1 in 15) and in FridericUc cannlcLaeli (15\ 
Briefly, these organs consist of a pair of rounded, or ovoid and 
bulb-like, masses of cells, sobM, situated behind the pharyngeal 
mass on the dorsal side of the alimentary tube, and connected 
with the till® by a stalk, which is at any rate partly solid, but is 
uBiuilly hollow in its proximal portion — i.e., the ciivity of tlie 
alimentary tube may penetrate the basal portion of the stalk. 
Dde probably ha<l this type of organ before him when he described 
the rudimentary salivary glands of Bryodrilus ehlersi (16), two 
small pear-shaped bodies, in which no lumen could be recognized 
immediately behind the pharynx ; and, indeed, since I first met 
with these structures some years ago, I believe I have. myself 
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conceived them as a rudimentary kind of organs of the first 
type. 

Whether all these structures should go by the itame nanje — 
whether they are all modifications of one original structure — 
Seems doubtful. Those of the second type are quite possibly 
nephridia. It will be remembered tliat the Enchytrseids have^ as 
a rule, no nephridia in the fii’st six segmentH (Bretscher (2) has 
established a separate genus for a worm in which the first 
nephridium occurs in segin. iii., the funnel being in ii.); and the 
occurrence of dorsal and ventral ‘‘peptonephridia’^ in segm. vi., 
extending thence, it may be, forwards or backwards, or both 
forwards and backwards, their obviously similar constitution, and 
their fundamentally paired nature would seem to justify the 
assumption that they are really the nephi-idia of segm. vi. which 
have become associated with the cesophagus. If, however, we look 
on both dorsal and ventral organs as fundamentally paired (as we 
.seem justified in doing, v» ant.)^ we should then have two pairs of 
nephridia belonging to segm. vi. In II, hrucei^ in ad<Ution to 
dorsal and ventral peptonephridia^'insegm. vi., there are also in 
the same segment — indeed in tlie same section — a pair of ordinary 
nephridia (the first nephrulium being liere in segm. vi. with the 
funnol in v,), i.e., three pairs in the one segment. 

Whether the organs discharge an excietory sjihstance into the 
lesophagus, ora digestive juice — or, indeed, whether they discharge 
anything at all, — is doubtful, Oejka says tliat tlie openings are 
always har<l to find in sections; from wbicb phraseology it would 
seem doubtful whether they actually have definite mouths ; Welch 
<loes not mention any openings, nor have I found any in my pre- 
parations. On tlie whole, they are perhaj'S more likely to be 
excretory, since they have an intimate relation to the blood- 
spaces (in y/. lepiodera tliey run in the cesophageal sinus and are 
directly bathed by the blood (Oejka, 4) ; in Jlepatogaster also they 
are bathed by the blood in the sinus, which may penetrato 
between the imlividual cells; 1 have found the same conditions, 
T, inf.). 

Hut the nephridial nature of the first group of organs, which 
luive for long passed under tlie name of peptonephridia — the 
sinuous or coiled tubes which extend back, from the pharynx, 
free in the coelom — seems doubtful. These do not show the 
peculiar structure of the Euchytra?id nephridium ; they have no 
internal opening; indeed, the only feature that is brought forward 
to substantiate their nephridial nature is the intracellular lumen. 
But in EnchyirmtB albidim {v, ant.) the lumen is certainly not 
intracellular. And in any cjxse there is no fundamental differ- 
ence between intercellular and intmcellular tubes; whether the 
lumen of any tube is intmcellular or not depends on the size of 
the lumen and the size of the cells of which the tube is composed. 
Suppose we start with a tube of fair size, in the cross-section of 
which several cells are seen to bound the lumen ; if the size of the 
tube is diminished, fewer colls will serve to suiTOund the cavity^ 
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and fewer will be seen in any transverse section. Still dirainisbing 
the width of the lumen, two cells, and finally one single cell, will 
go all round the lumen — t. e., only one cell will be seen in any given 
transverse section of the tube, and the lumen will l)e described as 
intracellular. There is thus really no reason for assuming tho 
nephridial nature of these tubules of the EnchytraBid©, and in my 
opinion they should not be called nephridia. 

The third group of structures — the bulb-like organs — are even 
more unlike nephridia; nor, except for their assumed connection 
with the tubular organs first described, could it ever be supposed 
that they were nephridial. It is j)o.ssible that they are, as has 
been suggested, vestigial remains of the tubules; they are con- 
nected to the same dorsal diverticulum of the alimentary canal as 
these. In Emhytrasm albidm, however, I find, along with the 
typical tubules, and just in front of and lying against the narrow 
proximal part of these, i-ather indefinite groups of cells somewhat 
similar to the bulb-like organs. To establish the homology of the 
bulb-like organs with the tubules it would be necessary to ascer- 
tain definitely whether they do or do not occur along with these, 
and whether or not intermediate forms exist. 

The second group of organs, then— -the dorsal and ventral 
“ peptonephridia ” of the genus Henlea ^ — may provisionally be 
taken to be nephridia. But there is no evidence whatever of 
their digestive function, and I propose for them the name 
oesophageal nephridia. 

The first group— the sinuous tubules — are quite possibly not 
nephridia at all. Since the alternative salivary glands has 
long been in use for them, I would reject the name peptonephridia 
in favour of this. 

The third group — the solid bulb-like organs~~do not seem to be 
nephridial, and their function, if they have one, is quite unknown. 
I propose a purely descriptive term, the postpharyngeal hulhs^ as 
most suitable for them. 

The Genus Uenlea, 

Heidea is a large genus, and contains species shoving a wide 
variety of structure. Characteristic of a number of species are 
the oesophageal sacs in or al)out segm. viii. ; and the question 
arises whether the presence or absence of these sacs should not be 
made the basis of a separation into two genera, or at least sub- 
genera. 

This course has already been proposed by Friend (7, 8)— forms 
with oesophageal diverticula to be called UenUa^ those without to 
receive the name Ilenkandla, In the second of the papers just 
referred to, Friend remarks that it would be advisable to make a 
third group for those species in which the aliraentaiy tube dilates 
gradually to form the intestine. In a subsequent paper (9) 
Friend proposes a diflferent criterion for the third group, viz., the 
origin of the doxml vessel in the region of the clitellum (in most 
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tpeeies ^the dor^^al vessel aris^ cot^siderably in front of the 
clitellum) ; this third group to be called Uenkam. These divisions 
are apparently conceived as subgenera (certainly so in the first 
two papei-s), 

Friend*s suggestion as regards the oesophageal diverticula seems 
particularly useful. But it is illogical and inconvenient to have 
a double or triple principle for the simultaneous division of a 
group; the subgroups will not be mutually exclusive. What, for 
example, would become of a form with both (esophageal diver- 
ticula and a posterior origin of the dorsal vessel — at the same 
time a Henlea and a Henleana^ or, for that matter, of one with a 
posterior origin of the dorsal vessel and no diverticula — both 
a Ileideana and a Herdeamlla ? 

In 1910 Cejka (3) established a genus Hepatogaster for two 
species which are obviously nearly related to Heulea^ the chief dis- 
tinctive chamctex*$ being the gradual dilatation of the oesophagus 
to form the intestine, the presence of a mass of tubules closely 
surrounding the alimentary tube in segm. viii., and of character- 
istic longitudinal canals in the epithelium of the hinder end of 
the <hgestive tract. The value of the first distinction is doubtful, 
e. g, ill Heulea fteleotrophKS I am not certain whether or not the 
intestine can he said to arise as a sudden dilatation of the 
alimentary tube ; at first 1 thought not, but later I altered this 
in my notes by adding the words “ this might be called a sudden 
widening, and so would agree with the diagnosis of Henlea,^* 
Tne SiMJond of Oejka’s points of distinction occm*s also in Henlea 
tiifndi/era Welch and //. nioderata Welch; while, as Welch 
remarks (33), the value of the third distinction as a generic 
character remains to be demonstrated, Welch retains the genus, 
though with some doubt. Delpby (6) also considers it as distinct. 

The (esophageal diverticula of //«a2ea, when present, may have 
walls which are fairly smooth and even, or which are variously 
folded; and I i^gard the “tubuliferous” condition of H, tt^bu^ 
Ufera^ etc., and of JIepaiogastei\ as simply a higher degree of this 
folding, followed by fusion between the adjacent folds and 
between the two sacs above and lielow the alimentar}" tube. A.n 
yitermediate condition is that of H, iMsuta as (lescribed by 
Michaelsen ( 10 , r/. especially pi. fig. 1), whei’e the folding of the 
walls is very considerable, and there is only a very small central 
free space, but the two sacs are not fused above and below the 
(Bsophagus. The difference between Henlea and Hepatogaster 
seams, in fact, to be less than that between Henkamlla without 
Sa.es and Hmlea with them. 

For the present, then, I would retain the genus Henlea, but I 
would recognize three subgenera : — 

(1) HenhaneUa, with no <»sophageal diveiticula. 

(21 Henka, with msonhageal sacs, 

(3) Hepatogaster, with a mass of tubules surrounding the 
alimentary tube and taking the place of the sacs. 

I would disregard the su<i 40 > 3 . or gi-adual widening of the tube 
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in these siibgeneric distinctions ; but it is possilile that a posterior 
origin of tlie dorsal vessel will be a sufficient ground for removing 
out of the genus altogether the forms in which it occurs. 

Ok thk Kei^ations op tub Geneha Litinhridllus a.np 
Enchytrmus. 

I have previously (13) pointed out the close I'elationship 
between the above two genera, and described several species with 
intermediate oharactei^ ; linchytrmxiB dubiua, which I then placed 
in the genus EnchytreeuSf I should now assign to Lumbrieilhts. 
Welch also has some remarks that bear on the subject 
(19,23). 

The distinguishing characters of the two genera may be said to 
be (1) the set» — the distal portion of the shaft being straight in 
Enchytreeus^ curved, so that the seta? have the usual double 
(sigmoid) curve, in Lumhricillna \ (2) the cx)pulatory glands — 
usually absent in Enchytrmns, usually present in Lurnbricillys; 
(3) tlie testes, divided in lAtmhricillus^ undivided in Enchyinev^ ; 
and (4) the penial bulb — single, compact, encapsule<l, «ind 
penetrated by the va.s defeiens in fAmibricillua, represented by 
discrete groups of cells around the end of the duct in Enchytnms* 
In addition, red blood would be in favour of LimhricUlita^ colour- 
less blood more in favour of Encbytrcene. 

Of the species des(3ribed in tlm present paper, LninlfridUyg 
atgiaiiiea has the straight seta) of EnchyircenSy and so has 
Z. necrophagua ; while Enchytrmia exymodea has a penial bulb of 
the lumbricilline type, copulatory glands, and lifernoglobin in the 
blood. These species thus bear out what I have previou. ly written 
regarding transitional forms, and render a sharp sepamtion 
between the genera impossible. Still less is there such a sharp 
distinction between the two as would justify their position ns the 
representatives of two subfamilies, the Enchytiwina* and Lum- 
bricillinie, eatiiblished by Eisen (6), 

Peeiods of Sexual Matueity. 

Some of the worms in the collection were sexually mature, 
others immature. But it is not possible to draw any general 
conclusions fioin the data regarding the season of maturity in 
high latitudes, Enchytfams albidua was mature on Bear Island 
in June and E. crymodea in early August in Spitsbergen; but an 
immature Enchytrmia was also collected on August 6tb* Henha 
hehotrophiB and H, brucei were mature in early Auguat — 
i7. heleotropJma also as early as July 10th; but other species of 
Henlea ivere still immature in early August, The two species of 
Lumbricillus were mature towards the end of July and beginning 
of August ; the jVeaemhytrceua^ however, was immature at any 
mte up to the end of July. 
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PARASmZATIOK. 

Finally, I may be allowed to draw attention to the excessive 
parasitization of most of these worms, which goes much beyond 
anything that I have previously seen in members of this group. 
Not only were there numerous parasites, of more than one group 
of Protozoa, in the alimentary canal, but many of tlie worms had 
cysts in the genital region, body-wall, or ca*lom, in which spores 
were forming. It seems probable that the frequent structural 
changes in the alimentary canal, as well as other changes in the 
contents of the coelom, may be due to this parasitization. 

SYSTEMATIC. 

Fam. Naidid^. 

Oenus Nais Miill. em. Tejd. 

Nais JOSiXais Vejcl, 

Bt^ar Island ; in littoral region of a btru near Walrus Bay, in 
the water; 15,vi.l921. A single specimen, non-sexual. 

Fam. Encii YTB*« in JK. 

(loans Hkxlea Mich. 

Hexlea (IIenleanella) iiELEOTRornus, sp. n.* 

Bpitsbergen ; among mosses on the bank of a fresh-w'ater pond, 
more or less under water, Bruce City. August Ist-Sth, 1921. 

Bpitsbergen, Bruce City region (no data regarding habitat) ; 
10.viii.l92l. One specimen from each of these tubes. 

Length 8-10 mm. ; diameter ‘4 mm, Segments 40, with a few 
more not yet difierentiated at the hinder end. Colour brownisii 
in the first tube, black in the second (lixed with Bouin), Prosto- 
miuui bluntly triangular, the triangle being about equilateral. 
Head -pore between pro.stou)ium and first segment. No doi'SJil 
pores. 

Clitelluui on segments xii. and xiii., well marked, 

Setie enchytraeine in form {i. e., straight in their distal poHion), 
the tip modenitely sharply pointed. In front of the clitellum the 
ventral bundles have apparently four set© (not well seen), behind 
the clitellum 4, 5, 6, and once 7 ; the lateral bundles have usually 
five set©, sometimes 4 or 6, in front of the clitellum, and behind 
the clitellum 4, 5, 6, once 7, ami once 8, 

The “ taste organ on the floor of the pharynx is similar to 
that described for the next species, except that its base of attaclw 
ment appears to be a little narrower. 


* ^KXft^rpo^Af, bred iu the marsh. 
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The septal glands are bulky, the last, in segm. vi., causing 
septum 6/7 to bulge back very considerably. 

Dorsal and ventml CBsophageal nephridia ai*e present, but less 
conspicuous than in the next species. The dorsal nepbridium is 
double, consisting of two masses, one on each side of the middle 
line, attached behind to the dorsal side of the dorsal vessel near 
the angle which the vessel makes with the septum (6/7) and 
laterally to this on the anterior face of the septal gland; the 
masses have perhaps a small connection with each other across 
the middle line. Each is very irregular in shape, and the attach- 
ment to the dorsal vessel and septal gland is relatively narrow ; 
portions of the mass consist of long strings of cells extending 
forwards and upw^ards in the segment. 

The ventral nepliridium is contained wdiolly in the msopliageal 
wall, and is luther indistinct — indeed, in one of my two series of 
longitudinal sections it is scarcely to be made out; it is not 
obviously paired, and extends behind into segm. vii. 

A pair of postpharyngeal bulbs are present — small solid groups 
of cells behind the pharyngeal mass, continuous with a dorsal 
upfolding of the oesophageal opitlieliuin. 'fhese structures may bo 
compared with those described in the Jiccount of the next sj>ecie8; 
but here they are very much less definite, the knobs of ceils less 
distinctly limited, the lumen of the upward fold of cesophageal 
epithelium much less marked, indeed hardly present, and the 
whole smaller. 

Chloragogeu cells begin in segm. vii. ; in this segment, however, 
they are only scanty. 

The oesophagus expands to form the intestine in segm. viii. In 
this segment there is a slight invagination backw^a^ds of the 
oesophagus into the broader intestine behind ; there ai'e no 
diverticula. In each of the segments behind vii. the canal is 
swollen out into an ovoid shape, and this is the case in the 
genital segments also. There are no cliylus-cells. 

The coeloinic corpuscles are large, granular, and elliptical, oval, 
or fusiform in shape, of an average length of 29 /a ; small nuclei, 
with a central nucleolar dot, are visible in some, though not dis- 
tinctly discoverable in all. 

The dorsal vessel originates in the anterior part of segm. ix. as 
a sudden swelling just behind the septum ; it contains numerous 
corpuscles. Tlie blood was probably colourless. 

The nephridia have a relatively large anteseptal portion in 
which the central lumen undergoes some windings; the post- 
septal portion is ovoid, and not large ; in one specimen the duct 
appears to be prolonged back from the hinder end of the body of 
the organ, and lies on the body-wall ; in a second, the duct can be 
seen in sections to come off from the under (or under and outer) 
side of the postseptal portion considerably in front of its hinder 
^nd. 

The sexual organs are more completely developed in the second 
specimen (taken on the 10th of August), which will therefore be 
described. 
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The testes are small, and not lobed. Sperm-moralss and the 
early stages of spermatozoa are free in segxn. xi., but not in large 
number. 

The male funnel is small, siibspherical in shape, 108/4 in 
diameter, with spermatozoa clustering round its month. The first 
portion of the vas deferens is of a diameter of 15/4, but this ia 
only for a very short distance on both sides of the septum, and 
the main pait of the duct fonns a very narrow tube 6 /4 in 
diameter, packed tightly in a coil just behind the septum and 
entirely in front of the level of the male por(\ The penial body 
is of tlie Itunbricillid type, siibspherical in shape, 120/4 in diameter, 
compact, with a definite outline and contained in a definite 
muscular capsule. 

The ovary is small ; large ova are contained in segm. xii. 

The spermathecal duct is sti*aight for the most part, of some 
length, 28/4 in diameter, directed downwards and forwards; 
towards its ental end it bends inwards; tliere are n few pear- 
shaped lobules of cells around its ectal end, but tl)ese may be 
jievitoneal aggregates and not epithelial gland-cells. The ampulla 
is only slightly dilated, measuring 56 /4 in diameter ; the two 
ampnllse are continuous across the middle line — there is not even 
a narrowing of the lumen to demarcate one from the other. 
There is no connection between the lumen of the (esophagus and 
that of th(^ ainpulhe ; the structures do not anywhere come into 
contjuit. length of the conjoined ampull» is 160 fx (coniptited 
— it extends through 20 longitudinal sections each of a thicknes-s 
of 8 ft). 

There are no copiilatory (ventral) glands. 

The first speciinien is altogether siuallev than the second, and Vr'a*" 
collected a little earlier. The diameter of the male funnel is 75 /4 ; 
though h(*re, too, spcnnatoz(>a are clustering round the mouth. 
The penial IkhIv is also about 75/4 in dhuneter. The sperma- 
thecal ampulla is no wider than the duct, though the epithelium 
is much lower and the lumen therefore more capacious; the inner 
ends of the ampul lie are not in contact either with the ceso]>hagus 
or with each other; there is an interval of about 16/4 between 
the ampulla! of the two sides. 

Henlea (Mexeea) bhuoei, sp, n. 

Spitsbergen ; dry tundra, among Drym, etc., on hill near coast. 
Freshwater Bay, Prince Charles Foreland ; 10.vii.192I . A single 
specimen. 

Spitsljergen ; Bruce City i-egion (no data concerning habitat) t 
10.viii.l921. A single specimen. 

Spitsbergen ; among plants growingon shingle of raised^beacb, 
Bruce City ; ll.viii.l921. Two specimens. 

Length fi-8 mm.; diameter ‘Sl-'ifi mm. Segments 40-43* 
Colour brown (probably in part at least due to preservative). 
Prostomium short and round^. Head«>pord on dorsal surface of 
prostomium. No dorsal pores. 
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Set® enobytrffiine in form ; there may, however, be a bint of a 
tiietal curve* In $ome bundles the inner set® are smaller and 
slenderer than those at the ends of the bundle (Friderieia 
arrangement). In front of the cUtellum the ventral bundles 
contain 4 or 5 set®, oceasionally 3 ; the lateral bundles have 
3 or 4. Behind the clitelium the ventral bundles have 4 or 6, 
osoasionally 3 or 6 set® ; the lateral 4, 6, or 6, occasionally 3, or 
in the last segments even two. 

The clitelium roughly covers segms. xii* and xiii. ; but in a 
«|>ecimen with fully developed sexual organs one-third of xi* was 
included, and a small portion of the hinder end of xiii. (about a 
quarter) was free* 

A taste-organ is present on the floor of the pharynx, in front 
of the level of the dorsal pharyngeal mass and of fuiTOw 2/3* It 
is best seen in longitudinal sections, according to which it is a 
solid transverse ridge, bent somewhat forwards, with a narrow 
free edge. Its b>v5e is sliglitly narrowed (antero-posteriorly, as 
seen in longitudinal sections), and its total height is about five 
times the antero-posterior thickness of its base of attachment* It 
is composed of elongated cells, and being solid is distinguishable 
from the other ridges of the ventral pharyrigeal wall, which are 
merely folds of the epithelium. In one specimen the pharynx is 
being everted ; it is the ventral wall alone that comes forward 
here, and the taste-organ is at the tip of the everted part, so 
that it comes just onto a level with the mouth-opening, or 
in one or two sections rather farther, projecting a little from 
the mouth. Some deeply staining iimtter is apparently being 
taken in. 

The septal glands are bulky ; the last is in relation with 
septum 6/7, covering both sides of it and thus occupying part of 
segm. vii. 

There are dorsal and ventral cesophageal nephridin. The dorsal 
organ ends behind in segm. vi., ami gives a branch dorsal wards 
just in front of its ending; in front it gets into segm. v. in one 
series of sections, and ends some <]istance above the oesophagus 
and not in contact with it. In another specimen, cut into longi- 
tudinal sections, it is confined to vi., and appears as a projecting 
mass dorsally on the oesophagus, spongy in texture, hardly 
staining, irregular in shape, and in intimate connection with the 
dorsal vessel ; indeed, a proper wall of the dorsal vessel is wanting, 
or cannot be distingwisbod, and the blood appears to be contain^ 
within a sinus in the nephridial tissue. 

The ventral nephridiura ends behind by branching into two at 
a level just in front of that of the end of the dorsal organ ; each 
branch extends laterally for some distance, and then terminates 
by turning somewhat forwards. These bmncjtes form the chief 
part of the organ ; the median portion, on the ventral msojihageel 
wall, is soon lost, and does not seem to pt forwards into segm. v. 
This nephrirlium also is in close relation with blood-spooes— In 
tliis case those of the alimentary wall (text-fig. 1). 
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In another apecin^en both organs appear to be confined to 
segm, vi, 

Besirlen thefie organs^ which have, from their texture, more or 
less the appeamnce of nephridia, there is behind the pharynx a 
narrow divei-ticulum of the alimentary tube, wedge-shaped or 
conical as seen in longitudinal sections, {)ointerl above, directed 
dorsalwards and backwanls, and at its tip connected with a pair 
of solid knobs, the postpharyngeal bulbs. Each knob is a cellular 
mass, ovoid or somewhat club-shaped, with the long diameter 
continuing the direction of the diverticulimi. The length of the 
diverticulum is 120^, that of the bulbs 36 ft, and the thickness of 
the latter 20 ft. 


Text-figure 1. 



Henlea (UeHlca) InteH ; transverse Hection tliroiifrli CDsophegrus and hinder end of 
vtMitral (Bsopha;?L‘al nepbridinm. WoikI in simis-like cavities of nephridiam ; 
ehl.y chloravfoiren cells; as., a>sopha^u«; ventral nerve cord; v,Mph,y 

ventral tesophagcal ticphridiuin. 

The fcsophagus is narrow as far as segm. viii., where it swells 
out into the intestine. The canal is theiiceforwards swollen seg- 
mentallyin an ovoid manner, and is not constricted in the genital 
segments. There are no chyluh-cells. 

Chloragogeu cells begin, but only scantily, in the posterior prt.rt 
of segm. vi. 

In segm. viii. is a i»air of oesophngeal diverticula. Each is Sitc- 
like, with folded walls; each originates from the alimentarv tube 
at the hinder end of the segment, and extends forwarfs to its 
anterior limit. There appears to be some variation in the exact 
manner of origin of the sacs ; in two series of sections, both longi- 
tudinal, the sacs have independent openings into the cesophagus, 
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on© on each side ; in a third, a transverse series, the two sacs join 
dorsally above the alimentary tube before they enter it. 

The dorsal vessel originates in segm. viii. between the two 
oesophageal sacs. The blood was colourless (no red staining with 
eosin — absence of haBmoglobin), 

The coelomic corpuscles are few in number, large, disc-like, 
oval, about in long diameter; the body is granular, and a 
nucleus is present, 3 in <lianieter, with n more deeply staining 
dot-like nucleolus. In one specimen the corpuscles were distinctly 
smaller than in the othex’s—only 20 fi long. 

Trie presepta 1 portion of the nephridia is often pyramidal in 
shape, narrow at the free end anti broader where it joins the 
septum ; in any case it is of some length (40-60 ft). The 
postseptal portion is broad and ovoid or pear-siiaped, with the 
wider portion behind. The duct is narrow, cylindrical, and long 
— as long as or longer than the postseptal portion ; it is ciirvetl, 
arched, or even bent into a loop witii tlie convexity backwards. 

The testes are small, compact, either xslightly lobed or not, but 
not divided (that is, not split np into a number of elongated pear- 
shaped divisions attached in a cluster at their narrow ends, as is 
the case in the genus Ltimbricillns). A few sperm-moruhe lie 
loose in segm. xi. 

The funnels are small, with a distinct rim of nucleated cells, 
and resemble what is known as a thistle-funnel,^’ Each is 
rather longer than broad ; in different specimens they measured 
92 by 56 /u, 100 by 72 and 120 by 100 fi. 

The fii-st portion of the vas <leferens, which lies in fi-ont of the 
septum, is 16 /t in diameter; it very soon pierces the septum, and 
after maintaining its former sue for a short distance, contracts to 
a very narrow tube, 5-8 ft in thickness, which lies in a close coil 
ventrally in the anterior part of segm. xii. just behind the septum 
and behind the position of the funntd. 

The penial body is of the lumbriciiiid type, spherical, compact, 
of definite form, enclosed in a muscular capsule, about 120)u in 
(liameter. In one specimen it appeared to be ratheu* shorter in 
vertical diameter, 120fe high by 160 ft long. 

The ovaries are small, and consist of club-shaped lobes. Ova lie 
in segm. xii. 

The spermathecal duct is cylindrical, about 30 fi in diametei*, 
with thick walls and small lumen; there are no gland-cells either 
on its course or round its ectal end. The ampulla is cylindrical 
or ovoid, thin-walled, 40 ft in cross-section. There is a direct 
connection between the ampullre of the two sides across the 
middle line dorsal to the cesophagus— a fairly wide passage 24 ff 
in diameter, with a lumen of 16 fi; this connection between the 
two nmpullffi is contiguous to the (esophageal wall, but there is no 
communication with the cjavity of the oesophagus, a double 
layer of cells, the alimentary epithelium and the spermathecal 
epithelium, always intervening. 

In another specimen, although the ampullco were more swollen 
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than in th4it from which the above description was taken and 
contained spermatozoa, I could not make out any connection 
between the two chambers ; here again there was no com> 
munication between' the cavity of the spermathecal apparatus 
and that of the oesophagus. 

There are no copulatory glands. 

The present species is not very unlike the common H. 
which has been recorded from N. Russia and N. Siberia. It 
differs, however (I take as the standaiti of comparison Welch’s 
description, 88), in being smaller, in having a blunt prostomium, 
in the shortness of tlie ventml oesophageal nephridium, in the* 
nittle funnel being here more nearly sphei*ical, in having no 
glands at the ectal end of the spermathecal duct, in having a 
broader communication between the two ampullae, and in having 
no communication between spermathecae and oesophageal lumen. 

It also approaches H. urbanensis Welch, found in Illinois (19). 
The present species is smaller than that one, has fewer setae in 
the ventral bundles, the ventral oesophageal nephridium is smaller, 
the dorsal vessel originates in viii., not in ix., the male funnel 
is much shorter, there are no gland*cells round the ectal end 
of the spermathecal apparatus, and no communication with the 
alimentary canal. 

In many species of Henlea the inner ends of the two sperma- 
theca 0 are bent downwards, meet, and join to form a common 
passage which enters the doiml surface of the oesophagus. In 
both the species here described the condition is rather different ; 
instead of meeting at an angle, the spermathecsB of the two sides 
are continued directly into each otlier across the middle line, and 
there is no communication with the OBsophagus. Tliis absence of 
communication is just possibly due to the specimens not being 
completely mature — the msopbageal conned^n being probably 
the last portion of the apparatus to form, — though from the 
condition of the other organs this hardly seems to be the case. 

Henlea (Henleanella) sp. 

Spitsbergen ; among mosses on the bank of a fresh«water pond, 
more or less under water, Bruoe City ; from August 1st to 8th. 
Five specimens, none fully sexual. 

Unfortunately the specimens are rather too immature to 
describe. They belong to that section of the genus wfiich has no 
cesophageal sacs. 

The dorsal and ventral cesophageal. nephridta attracted my 
attention. The dorsal is seen in segm. vi. with a central lumen 
and lateral branches of some size; from this portion is continued 
back a solid cellular cord, regular in form, cylindrical and 
defined in the middle line on the (esophagus as far as segm. x. ; 
the cord, although it has no lumen, seems to take the place of 
the dorsal vessel, which is not separately visible. The ventral 
Pace. ZooL. Soc.-~1922, No. LXXV. 76 
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cesophageal nephridium k oanfined to segm, vi. ; it consists 
mainly of two masses, one on each side of the middle line ; each 
mass has folded walls and a considerable lumen. 

Hrnlsa (Hepatcoaster) sp. 

Spitsbergen; among mosses on the bank of a fresh- water pond, 
more or less under water, Bruce City ; end of J uly and beginning 
of August 1921. A single specimen. 

This specimen was taken near the last, but in a different moss- 
zone. The cesophageal diverticula take the form of a number of 
communicating tubules, as in the worms called Hepatogaster by 
Cejka (3) and in Henlea tuhnlifem and H. moderata as described 
by Welch (18, 19). I could not discover whether there were or 
were not dorsal and ventral oesophageal nephridia, as my sections 
of the worm were not very successful. The <loi’sal vessel begins 
in segm. ix. 


Genus Lumbricillus Orst. 

Lumbricillus ^oialitbs, sp. n. 

Spitsbergen ; in seaweed at high-tide mark on shore, at head of 
Klaas Billen Bay in Icef jord, by Bruce City ; Iasi week in August 
1921. K umerous specimens. 

Length up to 17 mm.; maximum diameter ’65 ram. Colour 
brownish (fixed in Bouin). Segms. 52-53. Prostomium rounded, 
hemispherical. Head-pore not made out with certainty, prol)ably 
present. 

A cuticle is not usually separately discernible ; it is sometimes 
seen in the anterior segments, when it is not more than 1 p in 
thickness. 

Fairly numerous deeply staining (with hamatoxylin) mucous 
cells are seen in transverse rows in the surface epithelium — not, 
however, causing eminences on the surface. 

Clitellum |xi.-xiii. (=2J), not very well marked. 

Set«© enchytrieine (distal portion straight), blunt. In the 
ventral bundles in front of the clitellum 4 or 5 setue ; behind the 
clitellum 3, or at the hinder end 2. In the lateral bundles in 
front of the clitellum 3; behind, 3 in most segments, 2 at the 
hinder end.^ 

The septal glands are in segms. iv., v., and vi. ; septum 6/7 is 
bulged backwards by the last gland. 

There are no salivary glands. There are, however, a pair* of 
postpharyngeal bulbs — club-shaped structures in connection with 
the dorsal wall of the alimentary tube at the junction of pharynx 
and (Bsophagus. Their total length is 240 p ; they are constituted 
by a solid mass of cells in the form of a knob, and a stalk which 


♦ ' Aty idKlrtp, of the shore. 
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is attached to a small diverticulum of the alimentary tube ; this 
might be expressed by saying that the pi’oximal portion of the 
stalk is hollow, its cavity communicating with the alimentary 
lumen. 

In the msophagiis are large numbers of parasitic Oiliata. The 
oesophageal epithelium is being shed en nimsse into the lumen of 
the canal ; in some places also the cilia are being detached and 
shed. 

The intestine dilates gradually after passing through the 
genital segments, about segm. xiii. 

Chloragogen cells begin in segm. vi. 

The ecelomic corpuscles have a length of 16-24 /a ; in shape they 
are elorjgated, fusiform, peai*-shaped, or oval. They are not very 
definite structures, and often seem to be disintegrating and of 
irregular outline. Home, bimder than most, are nucleated. 

The doi'sal vessel begin.s in segm. xiv. The blood from its 
staining reactions (it stains a piukish-biown with eosin) probably 
contiiined hasmoglobiu. 

Text-figure 2. 



Cerebral jfan{flion of Lumbricillvs agialitet* 

The anteseptal portion of the nephridia consists of the funnel 
only. The postsepUl portion is spindle-shaped. The stout duct 
is the hinder end of tlie organ bent downwards and inwards, 
sometimes forwards as well; sections of the duct are rather 
characteristic — always oval in outline and showing I'adial stria- 
tions in the wall 

The cerebral ganglion (text-fig. 2) has a slightly concave 
anterior border ; the posterior border is slightly indented in the 
middle line and rounded on each side of the median indentation. 
The ganglion is about as long as broad, and is broader in front 
than behind. 

The testes liave the usual constitution in the genus. Each 
consists of a numW of elongated lobes divided ” testes, using 
'Vi elcli'S term), which extend intd segms. x. and xi. ; each lobe is 
contained in a membranous sac. which in some oases mav be fairly 
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Biibstantial) with a number of much elongated nuclei in its wall. 
The substance of the lobes consists proximaDy of a mass of celts 
only; further from their attachment they dissolve into sperm- 
morula?, still contained within the sacs. Thei'e is a large vacancy 
in septum 10/11 ; as already said, the lobes of the testes extend 
into both segments. 

The funnel is short and stout — about twice, or at any rate not 
more than three times, as long as wide. In a specimen in which 
the funnels were isolated by dilaceration they were not more 
than 1^ times as long as wide. The vas deferens is long and 
much coiled, but in the dilacerated specimen not so tightly as 
in the next species ; it is confined to segm. xii. ; in diameter it 
jneasures 10-12 /i. 

The penial body is compact, suhspherical in shape, in diameter 
130-160 /L(, of the usual liunbricilline type, with a strong muscular 
capsule. It causes a slight projection on the surface. 


Text-figure 3. 



Speimatlieca of Luinhrieillui apiaHt$8 isolated by dilaceration. Amp., ampulla ; 
coag; coagulum in ampulla ; d., duct ; gl, mass of glaud-cella. 

The ovaries are in segm. xii. ; loose ova are present in xii, and 
also in xiii. There is no ovisac. The female funnels are merely 
backward bulgings of tbe septum. The oviducts are not as yet 
patent. 

The spermathecal ampulla is smoothly ovoid, 90-100^ in 
diameter, and communicates with the oesophagus by a rnther 
narrow neck. The duct is straight and as long as the ampulla. 
A large mass of gland-cells surrounds tbe duct, and takes up all 
the space between the parietes and the ampulla— even sun^ound- 
ing the basal half of tbe ampulla ; the upper margin of this mass 
of gland-cells is slightly lobm (text-fig, 3). 

IJopulatoiy glands {‘♦ventral glands ”) are present in segments 
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xiv, and XV. They are smalU and the win^s do nob meet above 
the cord, all the doraal surface of the cord being free. The 
lateral extent of tlie wings is not great ; each measures about 
twice the transvei'se diameter of the cord, and does not reach 
outwards more than halfway towards the ventral setal bundles. 
They are not composed of several layers (as in L» nervoat^Sj 
according to Tide). 

Besides the parasites in the oesophagus, others were found in 
the testicular region. Here there are a number of sacs, each 
containing what appear to be stages in the formation of spores. 

It is extremely difficult to know which of the worms described 
by the older writers, and designated by names that are still in 
use, correspond to forms met with at the present day. The 
older descriptions are so very scanty, accoiding to present-day 
requirements, that they frequently fit several of the species 
now recognized. In course of time, other descriptions have been 
published under the older name, supposedly referring to the same 
worm ; particulars have been taken from these descriptions and 
incorporated in the diagnoses. The result is a composite picture, 
which may or may not represent the worm which the original 
describer had under his eyes. Another worm may come up, 
which may fit the original description equally well — and may 
therefore be identical with the original species ; but it will have 
to be descril)ed as new, since it is not characterized by tlie accre- 
tions which have gathered round the original diagnosis. 

Thus the original description of LumbriciUtte pagenstecheri 
(Katzel) is very scanty, but it has been added to by Yejdovsky 
and Ude. The present worm seems to differ from the original 
<lescription (12) in having the setJD fewer in number (2-5 as 
against 6-10, 7-8 lieiug the commonest numbers in the original), 
an<l straight (those of the original, while described as straight, 
had, nevertheless, a slight curve at their sharp end — “ mit leichter 
Biegung an der schaifen Spitze”), with blunt instead of sharp 
points. From the diagnosis in the * Tierreich' (11), which embodies 
what I have called later accretions, it differs in having small 
instead of large copulatory glands, which leave the whole of the 
dorsal surface of the cord uncovered; and in having the whole of 
the spermathecal duct closely covered with gland-cells, instead 
of loosely; the shape of the cerebral ganglion also differs con- 
si<lerably. 

From L, henkingi^ described by Ude from Bear Island, the 
pi^sent form differs iu^ not having S-shaped setae, in the origin of 
the dorsal vessel in xiv. (instead of in xiii.), in having copulatory 
glands ill xiv. and xv. (instead of in xiii, and xiv.), and in the fact 
that these glands are here very much smaller (in />, kmkingl the 
wings of the glands are four times ns extensive as the greatest 
diameter of the cord, and they reach outwards somewhat beyond 
the setal bundles!. 

The present species is not very unlike £, fmndaca^im Bisen, 
from California (varieties of the species alifK>fram Pribilov Islands 
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and Alaska). It differs apparently in the shape of the seta*, in 
the place of origin of the dorsal vessel (in i. franciscatim it arises, 
according to the short diagnosis, in segm. xiv. or xv,, but in the 
detfiiled description it “ has already arisen in xvi. How much 
further posteriorly it extends 1 do not know, as I did not section 
further’’), in the rather greater extent of the clitellum, and in 
the more restricted disti-ibution of the copulatory glands (clitellum 
over segms. xii.-xiii., glands in xiv.-xvi. in L.franciscanua), 

LitMBHICILLUS NECROPUAGITS, sp. U* 

Spitsbergen ; in dead seal, at bigb-tide mark on shore, by Bruce 
City at head of Klaas Billen Bay in Jcefjord ; 25. vii. 11)21. A 
number of specimens. 

Length up to 15 mm.; maximum diameter *4- '55 mm., but 
many are thinner. Colour paie yellowish. Segments 51-53. 
Prostomium blunt, roumled. Ko mucous cells in epidermis. 

The surface is coveied with a moderately thick cuticle, con- 
sidei ably thicker and move noticeable than that of tlie lastsptcies. 

Clitellum ^xi.-xiii, (=2^}; in sections the extent appears to be 
1 ‘ather different — it includes a little of xi. and gets slightly on to 
xiv. also. 

The setje are enchytranne in form (1 think T have occasionally 
detected a hint of a distal curvature) and blunt, rounded, or even 
squarish at their tips. Tlie ventral bundles contain in front of 
the clitellum mostly 4 (occasionally 5 or 3) seta" and behind the 
clitellum 3. The lateral burnlles have usually 3 (occ.Msionally 4 or 
2) in front of, and 3 or 2 behind, the clitellum. 

The sejital glands are bulky, the last, in segm. vi., causing a 
backward bidging of tlie septum. 

The postpharyngeal bulbs arise from a tiansveisely placed 
groove-like evagination of the alimentary tube behind the pharyn- 
geal mass. Each is a slender elongated cord of cells, rather 
swollen at its di.stal end, its general direction nearly veitical, and 
solid except in its proximal third or less, where there is a. nanw 
lumen* 

Chloragogen cells begin in segm. v. 

The cesoplmgeal epithelium is being thrown off into the cavity 
of the tube ; the cells lie loose in the lumen, and there is a copious 
granular substance between them and the remainder of the 
ODKSophageal w.all. Similarly, the intestinal epithelium is dis- 
integrating or has disappeared over large areas; the intestinal 
tube is full of a faintly staining granular substance, or of what is 
apparently a disintegrating cell-mass ; somet imes the epithelium 
is sepamting in sheets, and the lumen is half empty. The 
intestinal tube is much swollen out, and tlie coelom is almost 
obliterated in jmrts, the nephridia being pressed against the 


* devouring corpses, 
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body-wall. Extreme degeneration may exist throughout the 
whole of the alimentary teact behind the septal glands. 

This condition might be due to the presence of parasites — there 
are a number of such, elongated, cylindrical, with a nucleus of 
corresponding shape, in the oesophagus (probably Ciliates, though 
no cilia could be made out on them), as well as a number of small 
cysts in the tissues. Still, the usual Ciliate parasites of the 
oesophagus of Bnchytrieide do not as a rule cause such degenera- 
tion. It might perhaps be due to the parasites of the tissues, 
through their metabolic products, which may have a specific 
action on the alimenttvry epithelium. Or one might attribute it 
to the food (assuming that the worms were taking in material 
from the body of the dead seal in which they were found), but for 
the fact that the last species also showed degeneration of the 
alimentary epithelium, though not to such an extreme degree as 
these worms. 


Text-figure 4. 



Cerebral ganj^lion of IsumbricWus necraphagus. 

A lightly staining, almost perfectly homogeneous, very slightly 
granular conguluiii, contiuning many nuclei, almost fills up the 
coelom in the anterior part of the body. There are no definite 
lympli-corpiiscles of the type of those found in the former species; 
but the nuclei in the coafifulum just described seem to have 
belonged to corpuscles which have degenerated. These changes 
seem to go along witli those in the intestine, and are doubtless 
due to the same cause. 

Tim dorsal vessel begins in segra, xiv. Tlie blood contained 
luemoglobin. 

The anteseptal part of tlie nephridia is quite small and 
shortly cylindrical. The postseptal portion is elongated and is 
continued behind into the duct, which has the same structure 
as in the last species. The w^hole is flattened against the body- 
wall. 

The cerebral ganglion is rectangular in general outline (text- 
fig. 4), the sides being approximately parallel and the length 
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about one-third greater than the breadth. The posterior border 
is very slightly indented, and the posterior angles are well 
round^. 

The testis consists of numerous lobes or divisions, each contained 
in a definite sac ; in each sac the distal portion of the contents 
consists of moruliB and developing spermatozoa. The lobes are 
contained in segms. x. and xi.; they originate from the parieteson 
both sides of the attachment of the septum. Numbers of sperma- 
tozoa ai*e free in segm. xii. at and behind the level of the penial 
bodies and as far back as the hinder end of the segment. 
Numerous cysts containing developmental stages of parasites 
occur amongst the testis-lol^. 

In two specimens from which the male deferent appaiatus was 
isolated by the method of dilaceration, the funnels appeared to 
only a little longer than broad — not more than half as long again 
as broad. In one specimen, in which they were well seen, they 
were rather triangular in shape, the posterior end (where the vas 

Text-figure 5. 





coag, oes. 


SpermathecsB and intervening part of oesophagus of LuhricUhis necrophagusy 
isolated by dilaceration. Amp.y ampulla ; eooy., coaguluni iu ampulla j d., duct ; 
gl.y mass of gland-cells ; oasopbagus. 

deferens is given off) being narrow. In sections also the funnels 
appeared short and stumpy, the proportions varying, but 
apparently most often about lialf as long again as Ixroad. 

The vas deferens is narrow, 8 p, and is confined to segm. xii. ; it 
is tightly coiled, and is seen in sections as a number of windings 
squeezed close against the body-wall. The penial body is of the 
lumbricillid type, ovoid, somewhat flattened vertically, ’19 mm. 
long and *14 ram, high. 

The large ovary, in segm. xii., is also bmnched into lobes. 

The spermathecal ampulla is shortly and stoutly pear-shaped, 
drawn out above into its cesophageal connection ; there appears 
to be a communication between the cavities of the spermatheca 
and of the oesophagus. The duct is well marked off, longer than 
the ampulla, and surrounded by a large lobed mass of gland-cells 
which fills up the space between the parietes and the base of the 
ampulla (text-fig. 5). 

Oopulatory glands occur in segms. xiv. and xv. They are small, 
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not covering the dorsal surface of the cord ; their shape is slightly 
did'erent f rom those of the last species; the lateral expansions are 
level with the dorsal surface of the coi^d, so that there is a straight 
line all along; in the former species the wings rise above the 
level of the cord. 

I was at first extremely inclined to unite these worms with the 
last species ; and I am still not quite certain that they are speci- 
fically distinct. The chief difference is that there are no mucous 
cells in the present specimens ; they were stained in exactly the 
same way as the former, yet the mucous cells ai‘e extremely 
obvious at the first glance in the former preparations, while they 
are entirely absent in these. The thicker cuticle also seems to 
be a distinction, as well as the shape of the cerebral ganglion and, 
possibly, though doubtfully, the different shape of the copulatory 
glands. The appearance of the two worms is also very different ; 
L. cBgialites is dark brown (perhaps in part due to the fixative — 
Houin), Z. 'necrophag%L8 pale and semi>transparent (fixative not 
stated) ; Z. cegialites appeai*s much stouter than Z. necropkagus^ 
though actual measurements hardly bear this out. But the two 
are closely i-elated ; whether the difierences can be put down to 
the different manner of life in the two cases seems doubtful, since 
one can hardly suppose that the occuiTence of these specimens 
in a dead seal was more than accidental. 

Genus ENcnYTRiBus Henle em. Mich. 

ENOHYTR.EUS ALBious Heiile. 

Bear Island; Walrus Bay (S.E. of island); by shaking plants 
of dry tundra; 15.vi.l921. Four specimens, some of them 
(? all) mature. 

Same locality; among plants on shaly slope; 22.vi.1921. 
Two specimens^ both mature. 

Same locality; among plants on top of hill (dry tundra); 
22.vi.1921. Two specimens, both mature. 

ENciirrR.fius chymobes, sp. n.* 

Spitsbergen ; among mosses on the hank of a fresh -water pond, 
more or less under water, Bruce City; end of July and beginning 
of A^ugust 1921. Several specimens. 

Spitsbergen; moss by salt marsh, probably reached by ex- 
tremely high tides, near Bruce City: B.viii.\921. Numerous 
specimens. 

Mr. Elton adds a note to the above data These’' (the 
second of the two batches) “ were obserx^ed to be living on live 
moss leaves, and seemed to occur among these, but not in the 
decaying pnxts of the moss. They survived being frozen solid, in 
an experiment which I did.” 


^ icy cold, frozen. 
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Length 8-9 mm.; diameter *4 mm. Colour brownish. Seg- 
ments 34-38. Prostomium bluntly triangular, the triangle being 
about equilateral. Head -pore between prostomium and first 
segment ; no dorsal pores, 

Olitellum not well marked (or scarcely formed), xii.~xiii, (sa:2). 
Seta' enchytroeine in form, tip fairly sharp. In front of the 
<;litellum both ventral and lateral bundles liave three set«e, 
occasionally four : behind the clitellum they have two only. 

The hindmost septal glands are in segm. vi. 

There are no salivary glands of the type of those of E, albldaSj 
but, as in the species of Jjumhricillus, there are a pair of post- 
pharyngeal bulbs. These are small, knob-like, ovoid cell-masses 
immediately behind the pliaiynx, connected with the first part of 
the tesopliageal tube by solid conical celhaggregntes. Tlie knobs 
are separated from each other in the middle line by a muscular 
strand. In other preparations of these simie worms the struc- 
tures are not so clearly seen — eithei* there is actually some 
variation or the plane of section is not so favourable. 

Chloiugogeri cells begin scantily in segm. v. 

The (esophagus remains narrow till ])ast the genitjil segments ; 
it begins to widen in xiii. and the intestine is fully established in 
xiv. There are numerous sporozoau parasites in the epinlielium 
of the (esophagus. There are no chylus eells in the alimentary 
tract. 

The dorsal vessel originates in segm, xiii. The blood stains 
slightly with* eosin ; probably there wa.s a small amount of 
haemoglobin in it originally. 

0<]elomic corpuscles are present as irregular discs, staining 
little, fusiform or oval in shape, 32 g in average lengt)' (the 
limits being 30-40 /x), nncleat(3(l; but they are relatively few 
in number. 

'The nephridia (text-fig. 6) have a. small narrow antesei)tal 
portion ; the postseptal portion is swollen out, shortly ovoid or 
subspherical. The duct is long, relatively thick, and leaves the 
outer side of the postseptal mass, passing backw’ards for some 
di.stance and then downwards — even somewhat forwards in some 
sections. 

The testes are bulky in tbe present specimens ; they are slightly 
lobed in their distal portions. Some of tbe sexual cells are 
becoming metainorplio^ed into sperm-morula? and spermatozoa, 
and these are bound together and to one of the lobes of tbe testis 
by an apparently incomplete sac. These sacs appear to be 
rupturing, and so allowing their contents to escape. In one 
specimen there is a mass of genital cells in segm, ix. 

The funnels are long and narrow, as much as 6-8 times as long 
as broad. They may push right through the septum into segm. x., 
in w^hich the anterior half of the funnel may thus be contained ; 
or the anterior end may be reversed and push back septum 11/12 
so as to form a sac, in which the anterior part of the funnel is 
contained. The mouth of the funnel has a distinct lip. 
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The vas deferens is narrow, 7-12 jn in diameter, and forms 
numerous close coils in segm. xii., to which it is confined. It 
pierces and penetrates the penial lK)dy. 

The penial body is of moderate size, '12 mm. in diameter, com- 
pact, of the lumbricilline type, spherical, with a definite muscular 
capsule. 

The ovary, in segm. xii., is bulky. Septum 12/13 is bulged back 
by ova contained in segm. xii. in such a way as to form an 
incipient oviftac. 

The spermathecie have each a relatively small and thin- walled 
ampulla, subspherical in form, 80-120^ in diameter. The duct 
is thick- walled with high epithelium, 70-80 fx in diameter, 
cylindrical, longer than the ampulla and nearly as thick. There 
are a number of pyriform groups of cells round the ectal end of 
the duct. The ampulla probably communicates with the cavity 
of the (esophagus at full sexual maturity, though such a patent 
communication was not visible in my specimens ; in one, however, 

Text-figure 6. 




Nophridia of JBuchjf trams crymodes. 

Sep., soptmu ; v.s., ventral setal bundle. 

the epithelium of the two organs (ampulla and o?sopliagus) wiis 
continuous. The two ampulhe may be separated from one another 
by a part of the tt?sophagus ; ])ut in another case they w'ere con- 
tiguous — indeed, their walls were fused together. In boili these 
cases the cavity of the ampulhe (U)ntained spermatozoa. 

Oopulatorv glands are pre.sejit, though small, in segms. xiii. to 
xvi. and perhaps xvii, Tliey do not cover the doiml surface of 
the cord at all. There is a small rounded papilla over the position 
of each gland where the glaud-cells come to the surface. 

Enouytr/Eus sp. 

Spitsbergen ; among moss in marshy (fresh- water) area near 
Bruce City ; 8, viii. 1921. A number of specimens, 

I regret that this worm is rather too immature to justify my 
giving it a name, I append a few particulai*s, which may enable 
it to be identified when next it is met with. 
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Length 3-3’5 mm.; diameter *17 inm. Segments 22, or 22 
with some incomplete segments behind. Colour dark. Setae 
enchytneine in form, two per bundle throughout tlie body. No 
salivary glands. Coelomic corpuscles fairly numerous, oval, 
nucleated, 12-14/1 in length. The doi-sal vessel originates in 
segm. xii. The iiephridia have a large anteseptal portion, nearly 
as large as the postseptal ; the duct undergoes several windings 
in the antesei)tal portion ; the oi-gan is somewhat consti icted at 
the septum ; and the postseptal portion is elongated, the duct 
being continue<l fi*om the hinder end. 

The testes were in an eaily stage, of large size, taking up a 
very large ptii*t of segm. xi. ; scarcely any sperm-inorul «0 had 
formed, the testes were lobed, but not divided.” The funnels 
were very small, and twit;e as long as broad ; but it is moi*e than 
likely that these proportions would not be maintained thi-oughout 
the further development of the organ. There was a small, ovoid, 
and we]l-define<l i)enial l)ody. 

The ovaries were lobed in the same imnnner as the testes. The 
spermathecal ampulla was short, subspherical, and the duct cylin- 
drical, entirely destitute of surrounding gland-cells. There were 
no copulatory glands. 

The numbers of the setoe (2 per bundle throughout the body), 
the large anteseptal part of the nephi-idia, and the presence of a 
lumbricilline penial bulb constitute a group of characters which, 
along with the small size of the wo’ ms, may permit of recognition 
in the future ; but I disapprove of the practice of giving names 
to incompletely described or immature material. 

Genus MFSENOHYTR.Ers Eisen. 

MesencmytrvEUs sp. 

Spitsbergen ; among plants of dry tundra, Cape Bolieman in 
Icefjord in W. Spitsbergen; 12.vii.lll21. A single speciiuen. 

Spitsbergen; among mosses on the bank of a fresh- water pond, 
more or less under water, Bruce City ; end of J uly and beginning 
of A ugust 1921. Two specimens. 

Like the last, the present specimens are too immature to 
name. 

Length 7~ 10 mm. ; maximum diameter mm. Segms. 46 
-«54. Colour dark brown. The worms are solid-looking, like the 
young of earthworms. A large head-puj-e near the tip of the 
proboscis. Seta? luinbidcine in shape, stout and relatively short, 
with sigmoid curve ; in the ventral bundles 4, 5, or 6 throughout 
the body ; in the lateral 2 or 3 throughout, or sometimes behind 
the clitellum 4 or 5, and occasionally, in front of the cHtellum, 
one only. 

.Coelomic corpuscles rather small, 12-20/x, granular, with deeply 
staining granules or network, and a sm^l nucleus visible only 
with difficulty. No salivaiy glands; postpharyngeal bulbs 
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present. (Esophagus dilates fairly suddenly in segm. vii. Very 
numerous parasitic Ciliates in oesophagus; paiusites also in 
msophageal wall ; a cyst outside, in the eoelorn. Much of the 
alimentary epithelium is degenerating or has been shed. 33orsal 
vessel originates in xiv. ; the blood stains with eosin. Nephridia 
of the type found in the genus ; the duct goes l)ackwards at first, 
then forwards, ending finally a very little way behind the inter- 
segmental groove, indeed almost in it. 

Olitellum only slightly marked, extending over xii. and xiii. 
with the gvmter part of xi. also. Testes lobed, but, not divided.’’ 
Sperni-sac present, extending into xiii. Funnel as yet merely a 
plate of cells on the septum : vas deferens only as a soli<l cord 
of cells, cylindrical and somewhat wavy, from funnel to male 
aperture. Penial bulb as a number of loosely arranged cells 
arouiui the terminal ^)ortion of the vas deferens. (Ovisac ex- 
tending back to xvii. Sperma thecal ampulla not <listiiiguishable; 
duct narrow, no gland-cells round its ending, cylindrical, of some 
length, coming to the surface in the tmct of the lateral line cells. 

The distinction of species of Meserichytrancs de{>ends largely on 
the characters of the vas deferens and spermathecal ampulla — 
just those portions of tlie sexual apparatus which arc most 
undeveloped in the present .s{)ecimens. 
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50. On the Anatomy of Scaphula, Benson, with a description 
of a new Species. By Ekendkanath GtHOSH, M.Sc., 
M.D., F.Z.S., F.R.M.S., Professor of Biology, Medical 
College, (lalcntta. 

[Received June 19, 1022; Bead November 21, 1922.] 
(Text-figures 1-7.) 

The Lamellibrauch genus Scaphtda, Benson is represented by 
three species from the rivers of India and Burma. The anatomy 
of all the known species is unknown to science, with the exception 
of the gills of an undetermined species from Siam (Ridewood, 
Philosophical Tran.sactions, Ser. B, vol. 195). The present paper 
aims at describing the characteristic soft parts of the genus, 
based upon the animals of S, celox, Benson, and of a new species 
from Siam. The s[)ec*imenR were received from the Zoological 
Survey of India, through the kindness of Dr. N. Annandale. 


Text-figure 1. 



Animal of S. cel ox ^ side viow (left). X 10. 

The body is elongated, being two to three times as long as 
it is deep, and deeper posteriorly than anteriorly. The median 
dorsal margin is a third to a quarter less than the body- 
length. The anterior adductor muscle is much smaller than the 
posterior. Both the anterior and posterior mtirgins slope back- 
wards. The anterior adductor muscle is narrow and elongated 
at its insertion, and is placed rather close to the anterior margin. 
The length of the area of insertion is pai’allel to the latter. The 
posterior adductor muscle is large at its insertion and may be 
oval or triangular in shape. It is placed a little distance from 
the posterior margin. The foot is elongated and compressed 
laterally; it presents a shallow fissure along the mid-vmitral line. 
The foot is perhaps capable of slight expansion round the fissure. 
A minute byssus cavity is present in the ventral fissure towards 
the posterior end of the foot. The byssus is not well developed, 
being in the form of fine silky threads in the Siamese species An 
obtusely-pointed process is present at the postero-ventral aspect 
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of the foot. The anterior retractor pedis muscle is narrow and 
elongated, and consists of two heads of insertion into the valve. 
The posterior retiactor pedis muscle is narrow, and elongated at 
its insertion into the valves just in front of the posterior adductor 
muscle. It extends diagonally from the posterior end of the 
foot. 

The visceral mass is greatly widened out laterally into a some- 
what conical hump with an oblique ridge on the surface. The 
gills are elongated, tapering posteriorly, and are about half the 
length of the body and thrice as long as broad. The gill-axis is 
slender, rod-like, and is placed more horizontally than diagonally 
and ends in a small free posterior portion. The gill-filaments are 
placed obliquely to the gill-axis, and the reflected filaments are 
free dorsally. The labial palps are elongated, semilunar in shape, 
and are placed at an obtuse angle with the gill-axis. Tliey are 
one-third to one-fourth the length of the body, and twice as long 
as broad. The (esophagus is curved, with the concavity directeci 
backwards. The stomach is greatly elongated. The c»cum of 

Text- figure 2. 


s 



Animal of S. celox, longitudinal section. 

the crystalline style is small, narrow, and is fused with the 
beginning of the intestine, the latter being placed on the right 
side of the caecum. The intestine (consists of a short anterior and 
a long posterior limb, and is placed towards the right side of 
the body. The rectum is placed dorsally to the heart, and ends 
in a small free portion projecting downwards and backwards 
from the posterior surface of the posterior adductor muscle. 
The pericardium is divided into two lateral portions. The two 
ventricles are widely separated from each other by a narrow 
tube, which gives rise to anterior and posterior aortec. The 
auricles are compamtively large ; they do not communicate with 
each other. The digestive glands are extensive. The genital 
organs surround the lower portion of the (esophagus and occupy 
the ventral region of the visceral mass. Osphradia and Thiele’s 
abdominal sense-organs are both absent. 

Structure of the OiUs of S. celox. — The gill-filaments are 
flattened antero-posteriorly as usual. There are no interlamjsllar 
extensions (described in Area pexata by Kellogg (Bull. U.S. Pish 
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Comm. 10, 1890) and in Arcamneriomia, by Ridewood, I, c. p. 199), 
but interlamellar septa (present in both the above species) are 
pi-eserit, extending to about one-fourth or one-fifth the height of 
the filament. The ciliary discs seem to be present only at the 
free ends and at the junctions of the direct and reflected filaments. 
They are much more numerous in all the other known genera and 
species of the Arcidae, being arranged in many horizontal rows. 
The arrangement of the cilia could not be followed distinctly. 
The frontal cilia do not seem to extend much on the anterior and 
posterior faces of the filaments. The lateral ciliary rows are 
placed a little distance behind the frontal row. The chitinous 
lining is uniformly thin. 

The gills of the species of Scaphula from 8iam could not be 
studied. Ridewood notes in species from »Sinm (the present 
species?) one horizontal row of ciliary disc to the descending 
filament and one to three such rows in the ascending one. 

Text-figure 3. 



Ventral view of the loot and visceral mass of S. ceJox, 

Remarks, — Tlie genus Scaphida Henson belongs to the family 
Arcidie. It wfis recognized as such by Gray (Ann. &. Mag. Nat. 
Hist, xix.), and by Adams and Adams (lien. Recent Moll,). 
Fischer (Man. Conch.) makes it a subgenus of -drra, and places it 
in the middle of bis list. Dali (Trans. Wagner Free Institute of 
Science, iii. pt, 4) makes it a group in the subgeuus Barhatia, 
Pelseneer (I^nkesteFs Treatise on Zoology, v.) raises it to a 
genus, and places it near the genus Area, Lamy (Journ. 
Ooncbyliol. Iv.), in bis revision of the genus Arca^ considers it a 
subgenus, aud places it near the subgenera Arca^ Barhatia^ Avar, 
Fossulmxa^ and Parallelepipedum, 

The body of the animal is characterized by an antero-posterior 
elongation, perhaps correlated with the inequality in the size of 
the adductor muscles. The elongatiou of the body has also afifected 
the visceral mass and the foot to a relatively less extent. But 

Peoc. Zool. Soc. — 1922, No. LXXV^I. 76 
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the shape, size, and the position of the anterior adductor muscle 
may have something to do with the atrophy* of the extreme 
anterior region of the body. The poor development of the byssus 
apparatus and the absence of sense-organs are probably examples 
of degeneration due to its fluviatile life. 

The animal of Scaphttla agrees more with the animals of 
Byssarca Svvainson, Barhatia Gray, and Acar Gray than those 
of the other genera of the Areida> in its great antero-posterior, 
elongation and in the inequality in size of the adductor muscles. 
It fui^ther resembles the hrst two, especially in the widening of 
the body from side to sitle, and in the great disparity of the 
adductor muscles in size. But the foot and the visceral mass 
are strongly affected in the present genus by the elongation of 
the middle region of the body, whereas in Byssa^'ca and Barhatia 
these organs are comparatively less elongated, the elongation 


Text-figure 4. 



being mainly exhibited in the posterior retractor pedis muscles. 
In Acar the body seems to be equally elongated in the middle 
region (the above-mentioned parts being affected) and in the 
posterior region beyond the posterior adductor, the mantle only 
being affected. The elongation of the posteidor region of the 
body is thus greatest in Acar^ least in Byssarca, and attains an 
intermediate condition in Scaphula. With regard to the heart 
of Scaphula, we find an intermediate condition of the ventricles 
between Byssarca (with a wide sepai*ation of the ventricles) 
and Barhatia (in which they are only slightly separated), but 
marked difference from Acar, which ha>s a single, but distinctly, 
bilobed ventricle. The position of the heart in relation to the 
rectum might liave been derived from a condition seen in the 
above genera. Lastly, the projecting portion of the rectum seems 


* This is not referred to elsewhere.— -E d. 
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to bring the anus directly in the line of the outward current of 
water and the exhalant aperture, and this is perhaps correlated 
with the depth of the posterior region below and behind the 
posterior adductor. In Acar the great depth of the raantle is 
attended by a great elongation of the projecting tube of the 

Text-fi":ure 5. 



A gill-filaraeiit of 8. c«lojr (outer utid inner domibrancli). 

rectum. In conclusion it might be noted tliat the present genus 
might liave originated amongst and be related to Btjssarca and 
liarbaiia^ although modified and perhaps degenerate owing to its 
fluviatile life. 

SOAPHULA MINUTA, Sp. n. 

Specimens of this species were collected by Hr. N. Annandale, 
who kindly gave me the following information : — The species 
occurs all over the Tale Sap or Inland Sea of Singgora on the 

Text-figure 0. 



Shell of 8. minvfa, outer surface (left valve). 

east coast of peninsular Siam, It was found attached to weeds 
and stones in both fresh and brackish water. The specimens I 
have examined were found adhering to water-plants by several 
byssus threads. 
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Shell — Minu<}e, elongated, thin, closed and deep posteriorly. 
Anterioi’ margin slightly convex, and sloping backwards from 
above and continuous with the ventral margin. Ventral margin 
sliglitly convex in front, straight or very slightly convex behind 
and somewhat sloping downwards. Posterior margin convex and 
sloping downwards and backwards. Ligamentous area small, 
narrow, triangular in front of and broadly club-shaped behind 
the umbones. Ligament lozenge-shaped and occupying the 
anterior and a small area of the posterior portion of the 
ligamentous area, and half the lengtli of the entire ligamentous 
area. Hinge teeth numerous. Centi’al teeth obsolete. Four or 
five lateral teeth, oblique in direction. Three posterior lateral 
teeth elongated and very oblique. Surface with a thin, light- 
brown epidermis. Diagonal ridge very prominent. Surface in 

Text-figure 7. 



Amuml of S. muintn, sido view (left). 


front of the ridge convex, and witb fine radiating and liorizontal 
lines intersecting one another. Hui’fac(3 behind tlie ridge ^''oneax e, 
and with four stout radiating ridges in atldition to minute, closely 
placed similar lines all intersected by verti(?iil ones. Length 
4-5 mm., height 2 ram., trans. diarn. 2 rnm. 

The present species dififers from the three other known species 
of Scaphvla, Benson in its minute size, in the slight tumidity of tl)c 
valves (the proportion of the vertical diameter to the tninsverse 
diameter being 1 : 2), and in the comparative shortening of the 
body in the antero-postorior diameter. 

The type-specimens are kept in the Indian Museum. 

Jiocplanation of Te.rt figures 1~7. 

1. Anterior adductor muscle. 2. Posterior adductor muscle. 3. Posterior 
retractor pedis muscle. 4. Free end of the rectum. 6. Stomach. 6. Outline of 
the liver. 7. Labial palp. 8. Foot. 9, Visceral mass. 10. Pyssus threads. 
11. Ventral fissure of the foot. 12. Ventricle. 13. Auricle. 14. Rectum, 
16, Ciliary discs. 10. Filament of inner demibranch. 
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51. The Foetal Membranes and Placentation of CldromyB 
madayascariensis. By Professor J. P. Hill, F.R.S., and 
R. H.Boune, M.x4l. (With an Appendix on ilio External 
Cliaracters of the Foetus, by R. J. Pocock, F.R.S.) 

[Received October 24, 1922 : Read Octi)ber 24, 1922.] 

(Plates 1,-Vl.* ; Text-figures 1-6.) 

Tlio structure of the fa^tal membranes and placenta of the 
Lemurs was first made known during the years 1871-1877 by 
the researches of A. Milne E<lward8 (1, 2, 3) and Sir William 
Turner (6, 6). Contrary to the prevailing belief, the placenta 
was sliown to be of the lum-deciduate difi’use type, (piite unlike 
that of the Apes and Man, and more nearly resembling that of 
certain Ungulates, particularly the Pigs. 

The species examined at that time belonged exclusively to the 
subfamilies Lemurin<v and Indrisinw^oi Madagascar, but in 1884 
a brief description of the fcetal membranes of the renmikable 
Madagascar Leniin*, Chiromys^ was published by Milne Edwards 
( 4 ), and twenty-five years later Hubrcclit ( 10 ) reproduced a 
pliotograpb of tlu' surface of the choiion of a fu'tal specimen of 
the ajjiine in the collection of the British Museum and now in 
our possession (our specimen B). 

In I8il4 our knowledge, hitlierto confined to the Madagascar 
species of tlie order, was extended to the Lemurs of the Old 
World by the preliminary dascription by H nbrecbt (8) of pregnant 
uteri of Nyciicehns tardigradvs anil Tarsias spectrum. He 
showed that in the fiist-named species the placenta confonned, 
with some minor though characteristic difiei enecs, to that of the 
Madagascar Lemurs, but that, the placenta, of Tarsim was quite 
difierent, and resembled that of the Apes and Man in being dis- 
coidal and <lecidnate. In a later paper ( 9 ) llubreclit gave a 
more detailc<l account of tlie dev^elo]>nieiit of the placenta of 
Tarsias, but no furtlier description of that of Nycticehus has 
appeared. In U.K)2, liowev'er, our knowledge of the placentation 
of the Lorisiformes was further extended by the }»ubiication of a 
lengtliy paper by Strahl (14) on the placenta of the African genus 
Galago, wherein it is shown that Galago, in the details of its 
placentation, agrees more closely with Nycticehus than with the 
Madagascar Lemurs, as was to be expected. Strahl in a subse- 
quent paper (16) and more recently Jenkinson (16) have added to 
our knowledge more especially of the histology of the placenta of 
these latter forms. 

1’h© fmtal membranes and placentation have now been described 
in more or less detail in representatives of all the existing 
families and subfamilies of the two groups of the true Lemurs— 

* For explanation of the* Plates, see p. 1169. 



1146 PROF. Jr. P. nlLL AlfD MR. R. II. BURKE ON THE 

the Lemuriforroes and the Lorisiformes*, and as the outcome, we 
know that all the true Lemurs are characterized by the possession 
of the same non-deciduate, diffuse, epithelio-chorial type of 
placenta, which differs in the two groups and from genus to 
genus only in comparatively unimportant though appai»ently 
quite characteristic details, the general nature of which is 
indicated in the following paragraphs ((/. also 17). 

Development is of the central type, and the entire mucosa of 
the bicornuate uterus is invoUed in placenttil formation ; for, 
though development begins in one of the uterine horns, and the 
foetus, invested in its membranes, later occupies both that and 
the body of the uterus, the chorionic sac sends a prolongation, at 
any rate during the later stages of pregnancy (Milne-Edwards, 
3 ; Turner, 5 ; Anthony, 12), also into the unoccupied or non- 
fcetal horn, forming what we shall speak of as the chorionic 
appendage. The uterine epitlielium, immediately below which 
are richly developed maternal capillaries, persists throughout the 
gestation period, and is regarded both by Turner (5) and Strahl 
(14) as being actively .secretory. The uterine glands also persist 
in an active functional condition. They mostly open in groups 
in localised bare areas in the Lemuriformes (Milne-Edwards. 3 ; 
Turner, 6; Strahl, 15), and in Galago among the Lorisiformes 
(Strahl, 14), or their openings are more evenly distributed at 
the bottom of the uterine crypts, as in Nycticehus (Hubrecht, 8 ). 
The mucosa is always more or less iimrkedly folded, the villous 
outgrowths of the chorion fitting into the depressions or crypts 
between the folds. 

The chorion is early established as a complete bilaminar 
membrane enclosing the embryonal formation, and bt'cwmes 
secondarily vascularised by the umbilical (allantoic) vessels as 
the result of the early fusion of the outer wall of the allantois 
with its inner surface. The chorion in this way is converted 
into an allaiito-chorion over the greater part of its extent. The 
allantois is voluminous and multilobulate, covering the greater 
part of the inner surface of the chorion ; and in later stages the 
amnion is fused with its inner wall, the extra-embryonal cmlom 
being obliterated. The yolk-sac is early separated off as a com- 
plete vesicle, appearing in later stages as a quite small flattened 
sac (Milne Edwards, 3 & 4 ; Strahl, 14). 

The chorion, except over certain small restricted areas and at 
its vaginal extremity, is produced into villous processes, which 
amongst the Lemuriformes take the form of large laminar or 
leaf -like folds, secondarily branched, or amongst the Lorisiformes, 
of nodular processes. They are covered by a simple layer of 
trophoblast (tropho- ectoderm), below which is a richly developed 
plexus of allantoic capillaries. These villous outgrowths fit into 
complementary depressions of the folded surface of the mucosa, 


* Soe our rcferonce list, in which the species studied have been noted under the 
names of the investigators. 
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the placental counection being constituted by the close inter- 
digitatioti of the vascular villous processes of the foetal chorion 
with the vascular folds of the uterine mucosa or maternal decidua. 
There is no organic continuity between the two^ and at birth the 
villous processes are simply withdrawn from their mucosal pockets, 
there being apparently no loss of maternal tissue — t. e., the 
placentation is non-decicluate. 

The secretion of the uterine glands is of high importance for 
the nutrition of the foetus, and in the Lorisifornies there are 
present pockets or recesses of the chorion (chorionic recesses, 
Hubrecht, 8 ; chorionic vesicles, Strahl, 14 ) specially adapted 
for its collection and absorption, their openings in Galago lying 
opposite the depressed bare areas on w’hicli the uterine glands 
open (Strahl, 14 ). Corresponding bare areas of the chorion, in 
contiguity with uterine bare areas, would seem to subserve the 
same function in the Lemuriforuies, though chorionic vesicles 
of simple structure are, we find, present in Chironiys and seem 
also to occui* in Lemur mongoz (Strahl, 15 ). 

Notwithstanding the extent of our knowledge of the placen- 
tation of the Lemurs, and the fact that in essentials the foetal 
membranes and placenta of Chiromyn are similar to those of other 
Madagascar forms, wo offer no apology for presenting yet another 
contribution to this subject, since the aberrant nature and great 
rarity of the species make it desirable that these structures should 
be described and figured more fully than has been done in the 
papers (4) and (10) referred to above. 

The followingiujcount is based on the examination of two uteri 
in a late and almost identical stage of pregnancy. Both foetuses 
appear to he near full term, and are practically fully haired with 
the eyelids open. The external characters of the ftetus (Speci- 
men 11, PI. III. ilg. 6) are described by Mr. K. I. Pocock iu the 
Appendix to this paper. 

Specimen A* was ob<.aiiu*d from a female piircliased several 
years ago ))y the Royiil College of Surgeons from Mr. J. 
llamlyn. The binder part of the body was removed, and the 
uterus preserved in situ in alcohol. 

Specimen B was originally in the collection of the British 
Museum. In 1921 it was received in exchange by one of us 
(H.) through the kind offices of Mr. Oldfield Thomas. According 
to the label accompanying the sj>ecinien, it was purchased of 
Mr. Stevens on October 1st, 18(54. TJio uterus which accom- 
panied the specimen was strongly contmeted, from which we 
judge that it had been opened in the fresh state and, after 
extraction of the foetus enclosed in its membranes, had been 
with the latter at once plunged into spirit. Apart from the 
partial separation and disappearance in places of the super- 
ficial epithelial layers, the foetal membranes and uterus prove 
to be remarkably well preserved. This specimen formed the 


« B. Coll. Surg. Museum, Physiol. Series, Nos. 3682.6, 3662.61, 3682.62. 
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subject of Hubrecht's brief reference and figure (10, p. 115 Jc 
fig. 151). 

For compai'ison with our preparations of ChiromyB^ we have 
had available some sections of the placenta of Nydicehus from 
the collection of the late Dr. R. Assheton, kindly placed at 
the disposal of one of us by Mrs. Assheton, and also preparations 
made from the imbedded material of Lepilemnr, which foimed the 
subject of the contribution of the late I)r. J. W. Jerikinson (16), 
for the use of which we are much indebted to Pi'of . E. B. Goodrich, 
F.R.S. 


Uterus. 

The uterus (specimen A, PI. I. fig. 1) is much dilate<1, and forms 
a pear-shaped mass about the size and figure of a small clenched 
fist, continuous with the vagina posteriorly by a short narrow 
cervical segment. Its conxex anterior end projects forward 
further on the left than on the right, and is indented to the 
right of the mid -line by a shallow vertical furrow, which marks 
the division between the two unequally dilated horns. Internally 
this division is einpliasised by the projection of a scmi-lunar fold 
(PI. I. fig. 1, fld,) from the line of the external furi-ow for some 
2 or 3 cm. into the uterine cavity. 

From the side of each horn, a short distance posterior to its 
fundus, projects a fold of the broad ligament carrying the con- 
torted Fallopian tube, and by its reflexion forming a deep 
peritoneal pouch, within which lies the o^a^y attached by a long 
ovarian ligament to the uterus. About 1 cm. ventral to the 
termination of the Fallopian tube is the commencenieiit of the 
round ligament wd»ence the ligament [^as.ses to the groin in % fold 
projecting freely from the surface of the broad ligament. 

In specimen 13, owing to strong contraction during preser- 
vation, it is probable that the shape of the uterus is to some 
extent unuaturnl. It is transversely extended, being nearly 
twice as broad (at the level of the Fallopian tubes) as the dis- 
tance between its cervix and fundus. 'Fhe left liorn is con- 
siderably more dilated than the right, and forms a rounded 
bulbous extension of the corpus uteri, with the entry of the 
Fallopian tube placed some distance behind its anterior margin. 
The right horn is much smaller with a conical apex to which is 
attached the Fallopian tube. The union of tlie two horns is not 
indicated externally by a furrow as in specimen A, but upon the 
aritero-ventral surface the position of the internal fold that 
separates them is marked by a slight ridge. 

The uterus (specimen A) wlien open< d along its posterior 
(dorsal) aspect was found to he completely filled both as regards 
cornua, corpus, and cervix by the foetal membranes (PI. I. fig, 1), 
the well-marked chorionic appendage occupying the right cornu, 
and a prolongation of the main sac extending into the cervical 
canal (PI. I. fig. l,p.). Within them lay the foetus, far advanced 
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in development, occupying the left horn and corpus uteri, with 
its back turned to the right and presenting with the head. 

This position of the foetus is that generally found in Lemurs 
towards the end of gestation, tliougli sometimes the foetus may 
be in the right horn and corpus uteri (Anthony, 12, p. 247 ; 
Turner, 6, p. 574), and sometimes may offer a breech pres^im- 
tation (Turner, 6, p. 573 & 7, p. 278) or may lie diagonally 
(Turner, 5, p. 574). 

In specimen B, so far as we can judge, the elongate embryonal 
formation lay disposed transversely in the uterus, with the head- 
end of the foetus in the corpus uteri, directed to the right, its 
thicker remainder occupying the more extensive left portion of 
the corpus uteri as well as the left cornu, whilst the chorionic 
appendage (Pis. J 11., IV. ligs. 5 7) projected into the right cornu. 

The mid-region of the hack of the fcctus would thus lie closely 
apposed to tlie internal os uteri, in a position somewhiit similar 
to that occupied by one of Turner’s specimens of Lemur rujipes 
(5,p.574). 

The wall of the uterus in specimen A is cojnpaiatively thin. 
Its mucous lining (except within the cervix and around the 
internal os where it is smooth) is thrown into irregular anasto- 
mosing folds with intervening depressions, within which are 
I’eceived the villous folds which project from the choiion. The 
general correspondence between the mucosal folds and depressions 
on the one hand and th(‘ laminar villous folds and the clefts 
V>etween them on the other is clearly apparent in PI. 1. fig. 1, and 
though both sets of folds are somewhat shrunken, thei'e was clear 
evidence of close interdigibition between the two. 

In specimen A, the cervix was occupied, as mentioned above, 
by a conicjil smooth prolongation of the chorion, hut in speci- 
men B the fretal inemhianes did not extend be>ond the os 
internum, and tlie cervix wa.s empty and produced internally 
into longitudinal folds. The os externum in B projected freely 
into the vagina and possessed a lohed margin. In A, it was in 
addition guarded by two semi-lunai; folds, piojecting from the 
wall of the vagina, as in the unimpregnated state *. The 
cervical canal in neither case showed any indication of being 
closed, as in the human subject, b}' aping of secretion. 

]n Kj)ecimen B, the mucosa reaches its maxim inn thickness in 
the right cornu, and its folds are here more markedly developed 
than elsewhere in the uterus, in correspondence with the strong 
development of the laminar villi on the chorionic appendage. 
Bound the internal os, as in A, the mucosa is relatively smooth. 

A low-power view of a section through the body of the uterus 
(specimen B) is reproduced in PI. V. fig. 12. The muscularis 
(7>i2«c.) though thin relatively to the size of the uterus, is well 
developed, and in sections in the appropriate plane is seen to con- 
sist of an outer slightly thicker layer of longitudinal smooth muscle 

* R. Coll. Surg. Museuii), Tliysiol. Series, No. 2816 A. 
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and an inner thinner Jnyer of circular fibjcs; between the two 
layers there are situated the main branches of the uterine vessels. 
In the muscularis there are present numerous endothelinlly lined 
cleft-like lymphfitic channels. 

In the intervals between its much subdivided folds the mucosa 
appears as a relatively thin layer, w’ell supplied with vessels. 
Over much of its surface the uterine epithelium has separated 
in our material, but in places it is quite well preserved. It 
consists of a single layer of, for the most part, i datively large 
and plump cubical cells with active looking oval or spherical 
nuclei (text-fig. 1), though here and there the cells are narrow 
columnar or even flattened and plate-like. It varies in thickness 
from *016 to *008 mm. Whilst its free surface tends to be smooth 
and regular, its deep surface, in the absence of a basement mem- 
brane, is wavy and irregular, the basal ends of its cells being 
directly applied to the walls of the subjacent capillaries which, 
as Milne Edwards (3) and Turner (5) have shown, form a richly 
developed subepithelial plexus. Both Turner (5) and Strahl (16) 
have maintained that the uterine^ epithelium is actively secietory, 


Text-figure 1. 



Section uterine epithelium and underlying capillaries. 

but of that we have no positive evidence in our material. Lym- 
phoid exudation no doubt plays a considerable role in the nuwrition 
of the foetus, and it is quite likely tliat the uterine epithelium is 
concerned in its transference to the trophoblast cells. 

•The uterine glands (PI. V. fig. 12, ut.gL) are mainly confined 
to the basal part of the mucosa, though not infrequently they are 
found extenditig far out in the folds. They show a distinct 
tendency to be arranged in groups separated by regions in which 
they are sparse or absent, but we have not been able to determine 
if they open together, on restricted bare areas as described for 
other Madagascar Lemurs by Milne Edwards (3), Turner (6), and 
Strahl (15). We have not been able to distiugiiisb such areas in 
suiface examination of the mucosa, and in the sections the glands 
are seen to open between the bases of the folds by way of duct- 
like involutions of the uterine epitlielium. 

The glands are most numerous in the thick mucosa of the 
right horn, and are for the most part of relatively small diameter 
(•MS-*! 2 mm.), though some are much thicker (up to *36 mm.). 

The glands are lined by a single layer of low columnar cells 
with spherical deeply staining nuclei in their basal halves, and 
are actively secretory, the secretion appearing in the gland 
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lumina as small homogeneous spherules and as a deeply staining 
coagulum, Where the glands are enlarged and not actively 
secreting, the lining cells are cubical. In Lej^ilemur the glands 
are very similar to those of ChiromySy but we have observed dis- 
tinct evidence of branching. Jenkinsoii (16) states that they 
open at the base of depressions ; we find that in this species 
the localised areas on whiclrthe glands open may or may not be 
depressed, and that they are characterised by the marked 
thickening s-nd folding of the uterine epithelium. These are^ 
are situated opposite specially thickened patches of the chorionic 
trophoblast, to which we shall later make reference. In Nycti- 
cebits the glands are larger than in Ohh^omySf but are otherwise 
similar. Hubrecht (8) states tliat they open on the bottoms of 
the crypts in which the villi are situated. In Galago they open, 
accenling to 8trahl (14), partly on depressed bare areas in 
relation viith chorionic vesicles, paitly (in the main horn) inde- 
pendently (p. ] 93). iStrahl is of opinion that in Galago extravasated 
blood ill tlie mucosa is taken up by the uterine gland cells, and 
is utilised for the nutrition of the fmtus. In none of the material 
we have examined (ChiromySy Lepilemury Nycticehiia) have we 
seen any trace of extimvasated blood in the corium of the 
mucosa, though the later is richly supplied with vessels. 

Fcktal Membbanes. 

1. Allanto-chorion» 

The allanto-chorion, or chorion as we may term it for brevity 
(PI. J. fig. 1), forms an exact cast of the interior of the uterus, 
extending from the apex of one horn to the apex of the other, 
filling the entire corpus uteri and prolonged (in specimen A) by 
a blunt conical process into the cervix avS far as the os externum. 
Its surface is covered almost nil over by characteristic villous 
outgrowths in the form of more or less broad swollen pleats 
marked superficially by delicate sinuous convolutions, jiresenting 
an appearance as nearly as possible similar to the figure given 
by Strahl (15, pi. 36. figs. 4 <fc 5) of the chorion of a 30-mm. 
fcetus of Propithecns, The surface of the folds thus appears to be 
less elaborated than in the Tieniurs described by Turner (5, 
p. 575 (k 7, p, 279) or in the later stages of Propiihe(yn8 
(Strahl, 15, p. 273). The primary pleats are set for the most 
part tmnsversely to the length of the chorionic sac, becoming 
more regularly disposed in each horn in parallel circular wreath- 
like bands. v , , . 

In specimen B (Pis. TIL, IV. figs. 4, 5, & 7-10), the laminar 
arrangement is in parts masked to some extent by the depth of l-he 
secondary foldings which break up the primary pleats 
a more lobulated surface than in the specimen A (PI. IV. fig. 9). 
This lobulation must not be confused with the appearance pre- 
sented by the characteristic polygonal villi of the genus Ifycticebus 
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(Hubrecht, 8> p. 93), nor with that of the somewhat similar 
villi of Galago (Strahl, 14 <k 15, pi. 38. fig. 17); it is simply a 
slight elaboration, such as that described by Strahl in the later 
stages of Propithecus^ of the laminar arrangement typical of all 
the Madagascar species. 

In opening the uterus of specimen A, it was observed that the 
folds and corrugations upon the siu*face of the chorion fit closely 
into the corresponding depressions in the uterine mucosfi. The 
connection l>etwoen the two is, however, relatively slight, and by 
gentle ti-actioii the chorionic sac can he detached from the uterus 
without rupture of tissue. The degree of cohesion between the 
two differs in different parts, depending on the size and compli- 
cation of the folds and the depth to which they interdigitate 
with the corresponding irregularities of the uterine mucosa, 
being greatest in the non-foetal (right) horn, where tlie chorionic 
folds are most pronounced (PI. 1. fig. 1) and least towards the 
cervix, where they are fewer and less prominent. 

Altiiough, as mentioned above, the folds cover most parts of 
the chorion, there are areas from which they are almost or 
entirely <ahsent (PI. 1. fig. 1). Huch hare places are very ill- 
defined, and although at iii’st sight they suggest the bare patches 
described by Milne Edwards (3) and Turner (5), and figured by 
Stmhl for Propithecun (15, pi. 37. fig. 14), they can hardly bear 
a strict comparison with them. Jn the first place, they are in 
every way so much less definite and in the second place, they 
have apparently no utei-ine counterpart in the form of hare areas 
of the mucosii.. 

The position of these relatively bare artvis is no more definite 
than their boundaries ; some can be observed towards the ha.se of 
the left (foetal) horn and in the region of tlie corpus uteri, more 
particularly towards the cervix where the choriouic foJds become 
smaller and less numerous than elsewhere and ultimately vanish, 
leaving the conical process of the chorion that occupies the cervix 
perfectly smooth. In this comjdete absence of folds at tbc pos- 
terior extremity of the chorionic sac in specimen A, the j)lacenta 
conforms to the type placenta en clochc,” as originally described 
in Propithecm by Milne Edwards (1). 

The chorionic sac of specimen B was figured by Hubrecht 
(10, pi. GG, fig. 151). It had been opened dorsally from a point 
opposite the lumbar region of the fmtus to the liead. In all 
essential features it resembles tlmt of specimen A. The laminar 
folds are fairly evenly distributed upon the surface of the^ sac 
opposite the right side of the foetus (PI. HI, fig. 4) ; they are 
closely crowded together, and are arranged for the most part trans- 
versely to its long axis. Towards the hinder end they become (as 
in specimen A) less continuous and less closely packed than fuither 
forward, and show four areas apparently baie, but in reality 
covered with fine ridges and grooves, giving an appearance of fine 
striation (Pis. III., IV. figs. 4 & 10). Opposite the left side of the 
foetus (Pis. III., IV. figs. 5 7) is the process or appendage, as 
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we term it, of the chorionic sac that occupied the light horn of the 
uterus. Upon its surface the chorionic folds reach their maximum 
(as in specimen A), and display strongly marked secondary folds 
and cot» volutions (PI. IV. figs. 7, 8, <fe 9). Elsewhere upon this 
face of the chorion, and more particularly opposite the head of the 
fmbus, tlie folds are relatively weak, and form low ridges separated 
by wide smooth areas ; similar bare places also occur opposite 
the postero'dorsal aspect of the fmtus. 

In comparison with the condition of the chorion in other 
Madagascar Lemurs, the strong lamination of the appendage 
that occupies the right (non-foetal) horn of the uterus is worthy 
of notice. This prolongation of tlie chorionic sac may be absent 
oven at near full term (Anthony, 12 , p. 247, Propithecu8\ and 
apparently, as a rule, enters the non-fcetal horn only as pregnancy 
advances (l^irner, 5 , pp. 578, 587 ; Anthony, 12 , p. 247), and 
is nornvilly less strongly laminated than other parts of the sac. 


2. Allantois. 

The allantois, as in other Lemui*s, is a voliiniinoiis and 
cliamcku’istically lobalate<l organ w’hose cavity, though extensive 
in the cinnimferential plane, is flattened i*adially between the 
chorion with which its outer wall is fused and the amnion which 
is fuse<l with its inner wall. Between the entodermal lining of 
the allantoic sae and the trophoblast of tlie chorion is situated a 
layer of delicate (ihrillar connective tissue, fonnetl from the 
allanto-chorionic mesenchyme and prolong<*d to form the axes of 
the villous folds. In it run the numerous branches and factors 
of the allantoic arteries and vein on their way to and from the 
suhtrophoblastic capillary plexus, presently to be described. 

The allantois consists of a main lobe, into which the allantoic 
canal opens and which accordingly represents the primitive 
allantoic vesicle, and of a number of accessory lobes of irregular 
Hha[)e, which have grown out from tin' primary sj\c and approach 
one another across the rump and back of the fa'tus. In 
specimen A the relations of the main sac and its various 
lobes to the underlying fmtus were asceitained by carefully 
dissecting away the chorion. Two view^s of the preparation* 
so made are shown in PI. II. figs. 2 and .*1 {cf. also text- 
figs. 2 & 3), representing the left and right sides respectively of 
the fietus. 

The main lobe (partially opened in text-figs. 2 & 3 and PI. TI. 
figs. 2 k 3) lies upon the left side of the posterior trunk region of 
the foetus, and extends across the ventral surface some little way 
beyond the mid-line on to the right side, covering the feet and 
tail. It communicates with the allantoic canal, which runs 
down in the umbilical cord, by a small slit-like aperture, situated 
opposite the gap between the left knee and elbow. 


* K. Coll. Surgeons Museum, Physiol. Series, No, 3582.62. 
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Prom the dorsal margin of the main ca vity three accessory lobes 
stretch across the left aspect of the fotus (text-fig. 2 and PI. IL 
fig. 2) : (a) a posterior lobe that runs caudally nearly to the mid- 
line of the ainniotic sac ; (h) a dorsal lobe that covers the flank 
and sacral regions of the foetus and extends for a short distance 
beyond the dorsal mid-line; (c) a cephalic lobe, of sausage-shape, 
that passes directly towards the head of the foetus across the 
shoulder as far as the root of the left ear. At the base of this 
lobe is a small ventrally directed subsidiary pocket. 


Text-figures 2 & 3. 



Sj)ec. A, from loft and right sides respective^’, of fadus, after removal of chorion, 
to show the main and accessory lobcK of allantois. 


The cephalic margin of the main cavity gives ri.se to but one 
lobule (d), an extensive finger-shaped sac folded back upon itself 
in the form, roughly, of a Y. The sac runs at first cephalad 
across the left eye of the foetus, and then is reflected round the 
cephalic pole of the amniotic sac, giving off at its furthest point 
a blunt conical process (the tail of the Y) that extends into the 
similarly shaped prolongation of the choi-ionic sac that occupies 
the cervix uteri. After thus curving round the cephalic pole of 
the amnion, the lobule d passes caudad along the dorsal surface 
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of the foetus, and leaving the amnion extends into and fills the 
chorionic appendage that lies within the unoccupied right horn 
of the uterus. Turner ( 5 , p. 577) states that in Z. rufipes the 
allantois does not extend into ’‘the short diverticulum of tlie 
chorion which occupies the non-gravid horn/’ In specimen B 
we find a similar condition. The terminal process of the lobule 
extended to the mouth of the chorionic appendage and fitted 
closely within its lip, but did not project further into its cavity. 

From the ventro- caudal margin of the main cavity arises a 
lobe (e) that curves round the ventral surface of the caudal end 
of thefoBtus, covering the root of the tail and the right hind limb 
and reaching to within a short distance of tlie free margins of 
lobes a and 6. 

Upon the right side of the fmtus (PI. II. fig. 3 and text-fig, 3) 
the main cavity gives off from its dorsal border two lobes (/ and g) 
that pass towards the dorsal mid-line across the lumbar and 
thoracic regions of the fcetus. The caudal of these extends rather 
more than half-way towards the mid-line of the back ; the other 
ig) is a larger, sausage-shaped sac, that dilates gradually from a 
comparatively narrow origin to a bluntly rounded extremity and 
tennimitos upon the back of the fmtus in contact with lobe cl^ at 
the point at which the latter leaves the amnion to enter the 
appendage of the chorion. 

Apart from the narrowness of the coininencoment of this lobe, 
there is no indication in the allantois of the pedunculated sub- 
sidiary lobes mentioned by Milne Edwards ( 3 ) as occurring in 
Proplthecits, 

Tlio umbilical cord was exposed in specimen B (PI. Ill, fig. 6). 
It measured 4*3 cm. in length, and at its emergence from the 
body of the fmtus was suhcylindrical. At alx)ut the middle of its 
length it became more flattened, appearing as a ribbon-like band, 
some fi mm. in width, bordered on each side by a thinner 
selvage. It joined the inner wall of the main allantoic lobe over 
the right lattuo-dorsal surface of the foetus, running, attached to 
the wall, for a distance of about 1*5 cm. l)efore finally dis- 
appearing. In specimen A, the cord passed to the left side of 
the foetus to reach the main lobe. 

Tho cord (PI. V". figs. 13, umhx.^k 14) consists of a connective- 
tissue matrix, in which are situated the allantoic canal and the 
umbilical vessels. It is invested by the amnion, the epithelial 
layer of which is quite thin, resembling in places a cuticular mem- 
brane, and below this is a thin layer of connective tissue, rich in 
cells and not everywliere clearly marked ofi* from the connective 
tissue of the cord. The allantoic canal (aW.c«/i.), situated between 
the vessels, possesses a wide lumen, lined by a two-layered epithe- 
lium of the transitional type. There are three umbilical vessels, 
two arteries, and one vein. The two arteries (PI. V. fig 14, 
umKarL) contain blood, an<l their walls are histologically similar, 
each possessing a compact zone of smooth muscle just outside the 



115G 


PBOi\ J. P, HILL AND MB. R. H. BURNE ON THE 


lining endotholium. I'he vein (fig. 14, umh.v,) is empty, and its 
wall lacks the compact zone of muscle and appears contracted 
and its lining folded. 

Epithelial pearls occur below the amniotic investment of the 
cord in the region of its junction with the allantoic sac, and are 
probably derived from the amniotic epithelium, since they are 
also occasionally found below the amnion covering the inner wall 
of the allantois adjacent to the cord-junction. 

From the junctional region, bi'anches of the umbilical vessels 
pass off to run in the inner wall of the main allantoic sac. Some 
of these after a short course reach the allanto-chorionic con- 
nective tissue directly in specimen B, by way of three septal 
pillars (figs. 13 & 14, sept,) wliich extend obliquely twroHs the 
lumen of the main sac between its inner and outer walls, as 
Strahl appears to have observed in GaUiffo (14, p. 182). In 
specimen A, these septa appear to be absent. Other branches 
after a straight or slightly branched course reach the allanto- 
chorion by passing round the margin of the main sac. They are 
Seen emerging in PI. II. figs. 2 tk 3 and text-figs. 2 & 3 in the' angles 
of the clefts between the main and accessory lobes. Yet other 
branches run straight on from the inner wall of the main sac to 
supply those regions of the chorion that are not underlain by 
prolongations of the allantois. In the chorionic connective 
tissue, the vessels subdivide and run in all directions to supply 
the subtrophoblastic capillary plexus of the laminar villi. 

Both Milne Edwards (3) and Anthony (12) state that the 
allantoic walls in the Lemurs examined by them are devoid of 
blood-vessels. That, of cour.se, is an erroneous statement as 
applied to the allantois as a whole, but it is partially true of the 
accessory lobes, since the*fnner walls of these (remarkaldy delicate 
and thin, as Milne Edwards remarks) are quite devoid of vessels. 
Thus unexpected and somewhat remarkable fact that 

these awessory allantoic lobes in the Lemurs are not really con- 
cerned w'ith the vascularization of the chorion, and the question 
arises as to their possible significance. One of the functions of 
the allantois is to serve as a receptacle for the urinary fluid ex- 
creted by the mesonephroi, and it is j) 0 ‘isible that the formation 
of these lobes is to be correlated with the presence in the fmtus 
of actively functional mesonephroi, lii this connecrion it is 
interesting to note tliat Hubrecht (11) records that in the 6-mm. 
embryo of N^ycticehm, the glomeruli of the mesonephros are 
remarkably large. 

Whatever may have been the inciting cause of the growth of 
the allantois, there can be little doubt that its lobulated form is, 
as Milne E(lwards (3, p. 283) suggested, a direct result of the 
position early assumed by the umbilical vessels On the walls of 
the main lobe, the first formed part of the oi*gan. If that be 
so, then the actual form assumed by the allantois is a secon- 
dary matter and likely to be inconstant in its details, even in the 
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individuals of the same age. From Milne Edwards’s observations 
we know that in younger specimens it is simpler than in older. 

It should be noted that the main sac and its lobes do not com- 
pletely clothe the inner surface of the chorion (text-figs. 2 & 3), 
there being left between the lobes considerable areas where the 
amnion is fused directly with the inner sui-face of that membrane. 

The entodermal lining of the allantois is formed by a well-marked 
cubical epithelium, quite diflferent from that lining the allantoic 
canal. Its inner surface is not everywhere smooth, but is pro- 
duced into low folds, more numerous in the main sac than in the 
accessory lobes. Its mesodermal wall is relatively thin, and 
consists of fibnllar connective tissue, dense just outside the ento- 
dermal lining, but delicate and loose elsewhere both in the inner 
and outer walls. In parts it is reticular in character. It is 
rich in cfills both fixed and migratory, 

3. Yolk-sac. 

We have not found any definite traces of the yolk-stalk and 
yolk-sac in our specimens, unless an irregular epithelial stmnd in 
process of cornification, which is situated below the amnion of the 
umbilicfd cord in the region of junction and bounded on its inner 
side by a mass of gelatinous connective tissue, represents the 
degenerate remains of the stalk. Milne Edwards (3) figures 
the yolk-sac in relatively late foetuses of Fropithecus diadema 
and Indris hrevicavdcUus (v. especially hk pi. 120, where in 
a late but not yet haired foetus of tlie latter species it is 
shown as a quite small, fiattened, and stalked vesicle, situated 
towards the distal extremity of the allantoic stalk — i, e., approxi- 
mately in the position of our coruifyiqg strand). Strahl (14) 
simply mentions that in a 36-mm. foetu|Eof Galago the yolk-sac 
is ’‘gut nachweisbar,” Jenkinson (16) states that in Lepilemur 
“ no trace of the yolk-sac was found.” 

4, Amnion. 

The amnion forms an oval sac fitting loosely around the foetus. 
It invests the umbilical cord throughout its length, and at the 
distal extremity of that spreads out to become loosely fused with 
the inner wall of the allantoic sac and its lobes. In the intervals 
between the latter it is fused directly with the connective tissue 
of the chorion. The most extensive areas of the amnion that are 
in this way in direct apposition and fusion with the chorion lie 
towards the head-end of the fcetiis (text-figs. 2 3 and PI. II. 

figs. 2 & 3). There is an extensive area covering the whole of the 
right side of the head and shoulders (text-fig. 3), and narrower 
patches over the left side of the head and shouldei’s (text-fig. 2) 
and along the back between the apices of the allantoic lobes. As 
in the higher Primates, the expansion of the amniotic sac and its 
adherence to the inner wall of the allantois have brought about 
the complete obliteration of the extra-embryonal coelom. 

Proc. Zool. SOC.-1922, No, LXXVII. % 77 
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Minute Structure of the Allantoic Chorion and its Villi, 

Tlje general appeamuce of the chorion and its villi in Heciioii 
is illustrated iu Pis. V., VI. figs. 13, 14, and 16. 

The allaiito-chorion consists essentially of the outer wall of the 
allantois fused with the chorion proper. It thus comprises the 
following layers : — (1) the allantoic entoderm; (2) the composite 
allanto-chorionic connective tissue which is continued out to form 
the cores of the complexly folded laminar villi, and in which are 
situated the biunches of the umbilical vessels ; (3) the superficial 
coveting of trophoblast (tropho-ectodenn, chorionic ectoderm). 

The trophoblast ifig. 16, tr,) throughout its extent is singularly 
uniform in character, varying only in thickness, and that with 
no apparent regularity, though frequently it is thinned in places 
over the apices of tlie villous branches. It attains a ma.xirnum 
thickness of *024 mm. and a minimum of *005 mm. or even slightly 
less. Where it is thickest, it consists of a well-dehned single 
layer of cubical cells, with their outer surfaces projecting con- 
vexly. The nuclei are large and deeply staining. Tiie cytoplasm 
of the outer zone of the cell-body is homogeneous or very finely 
granular and strongl}^ eosinojihil ; that of the deeper zom^ below 
the nucleus is reticular in character, and stjiins lightly. There is 
no basement membi'ane, and the basal ends of the cells rest, just 
like those of the uterine epithelium, directly on the endothelial 
walls of the underlying capillaries (dg. 16, cap,). These are 
relatively large and very abundant, forming a richly developed 
snbepibhelial plexus, first figured by Milne Edwards from injected 
specimens of Fropithecus diadema and Imlris hrevicaudaUis ( 3 , 
pi, 121, figs. 1, 2, & 4). In Calago also, according to Strahl ( 14 ), 
the capillary network of the villi lies in direct contact witli the 
epithelial covering. 

The mesodermal core of the villi (PI. VI. fig. 16) is formed by a 
variety of fibrillar connective tissue, differentiated into two zones : 
(a) a looser less deeply staining central zone {c,L\ containing 
numerous leucocytes and lymphocytes and in which are situated 
the smaller branches of the umbilical vessels ; and (ft) a biglily 
characteristic periplieral zone iuthe form of a perfectly continuous 
and moi*e deeply staining layer of uniform thickness w*hicli lies 
immediately below, and evidently forms a support for the subtro- 
pboblastic capillary plexus. This peripheral zone (PI. VI. fig. 16, 
c,t\) consists of a coarse fibrous reticulum, the stronger fibres of 
which run out at right angles to the surface, so that under a low 
power the zone presents a striate appearance, suggestive at first 
sight of a columnar epithelium, more especially as tlie nuclei of 
its cells of origin are mainly arranged in an irregular row, defining 
the deep surface of the zone Round the nuclei there is some- 
times visible a small amount of cytoplasm, wdiicli appears to be 
directly continuous with the fibiTms network. This zone would 
aeem to be distinctive of the villi of Chiromys. It is not present 
either in Lepilemur or Nycticehue, In both these forms the 
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trophobliist is very similar to that of Chiromys^ but in neither of 
them is the subtrophoblast capillary plexus anything like so well 
developed, the capillaries being smaller and much less numerous 
than in Chiromys, 

We have, unfortunately, no preparations of Chiromya which 
show tlie relatioii of the villi to the folds of the uterine mucosa, 
and are thus unable to state <lefinitely whether the interdigita- 
tion of the two was of tlie same intimate nature as occurs in 
Le^nlemur (Jenkinson, 10) and Propithecm coronatm (Strahl, 16), 
or was of a looser character, approximating to the conditions we 
find in Nycticebm. In the latter, Asslieton states that “ the 
fu'tal villi appear to hang in grape-like bunches into the mouths 
of much wider depressions ” (18, p. 269); and the sections cor- 
t iinly suggest that coiisirlerable areas of tlie lateial surfaces of 
the villi do not come into contact with tlie uterine folds, and 
that intimate apposition between the trophoblast and the uterine 
epithelium is largely limited to tl^e flattened surfates of the ends 
of the villi. In this connection it is worthy of note timt gland- 
secretion is present in fair abundance round the proximal 
jiortions of the villi. In Galago^ Htrahl (14) states that o\er the 
tips (except in the region of the terminal pits) and lateral surfaces 
of tlie villi the trophoblast and uterine epithelium are firmly 
attached to eacli other, but in the inteiwillous interials the 
connection is less intimate. 

in LepiUmm\ the villi are somewhat similar in character to 
those of G/iiromys^ hut are readily distinguishable therefrom, 
being much less coarse and more finely branched. Tlie mucosal 
folds are likewise very thin, as is the case also, according to 
Strahl (15), in the 60-65-mm. fmfal stage of Projnihems^ whilst 
their relations to the villous folas are exceedingly intimate. In 
our sections of Lepilemur, the uterine epitheliuin, practically 
everywhere in the villous regions, has become separated from 
the underlying connective tissue of the mucostil folds, and is seen 
ns a relatively tliin layer in close an<l intimate apposition with 
the thicker, more cubicfU trophoblast. In Propiihecus. Stralil 
(15) also describes the two epithelia as being in close contact. In 
Chiromys^ we incline to believ’'e that tlie relations between uterine 
epithelium and trophoblast were not throughout quite so intimate 
ajs in the two Lemurs just referred to. 

Chorioxic Vesicles. 

When the deep surface of tlie allanto-chorion is examined 
after reflection of the inner wall of the allantois, numbers of 
small, flattened, ovalish bodies of a reddish-brown colour may be 
seen embedded in its substance (PI. VI. fig. 11). Tliese are the 
chorionic recesses first described and figured by Hubrecht (8) in 
JVycticehus, and later described by Strahl (14) for Galago^ where 
he designated them ** chorionic vesiclevS,” 

These bodies were encountered in both our specimens, but 

77# 
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they \vei*e larger and more easily seen in specimen B than in 
specimen A. They varied considerably in size, the largest 
measuring 5-5 x 4*5 mm. in diameter, the smallest 1*5 ram. They 
numbered about sixty, and were chiefly distributed upon the 
parts of the chorion that oveiday the head region of the fmtus, 
being more numerous on the right side than on the left. 

In specimen A, although a few of these bodies wei^e ns large 
a4S in specimen B, the majority were no larger than a pin’s head. 
Most of them were located upon that part of the chorion which 
occupied the left uterine horn, being particularly numerous upon 
those areas where the chorionic laminro were most richly deve- 
loped. Few, if any, could bo located with certainty on the 
chorion within the right horn and the body of the uterus. 

In the sections (Pi. V. figs. V^ & 14, c/i.res.), the vesicles are 
seen to be situated eitlier in the allanto-chorionic connective 
tissue, close to the allantoic lumen, or actually in that of the 
laminar villi. The vesicle is of simple structure, and unlike those 
of Ni/cticebits and Galago^ is <levoid of villous folds or ingrowths 
projecting into its cavity. Its opening is small and slit-like (PI. V. 
fig. 13, op.). Lining the cavity is a single-layered epitliehnin, 
representing an involuted portion of the trophoblast, but differing 
from that in its characters. It consists of low cubical to flattenoil 
cells, *013 to *008 mm, in thickness. The cytoplasm of the cubical 
cells is reticular in character, and encloses one or more large 
vacuoles. The nuclei are mostly basal in position, and frecpiently 
appear shrunken and irregular. The lining rests on a very thin, 
compact layer of fibrillar connective tissue. It is noteworthy that 
the vesicle- wall appears to be entirely devoid of capillaries. The 
cavity is occupied more or less completely by a coarsely granular 
coagulura, no doubt representing the secretion of the uterine 
glands, and in it there occur, here and there, degenerating cells, 
probably deriverl fi-om the lining epithelium. 

The chorionic vesicles of Nycticehus and Gakigo described by 
Hubrecht and Strnhl are more highly differentiated than tliose 
of Ghiromys, and would seem to be specially adapted foi' the 
collection and absorption of the secretion of the uterine glands 
{Sti*ahl, 14 ). In our sections of Nycticehus^ we find the vesicle 
invested externally in a fairly dense fibrous connective- tissue 
coat, in which there ai-e present numbers of larger and smaller 
blood-vessels. The lining of the sac is formed by a flattened to 
cubical epithelium, in contact with the under surface of whicli 
there are here and there fair-sized capillaries. The cavity of the 
vesicle is largely occupied by vascular villi as described by 
Hubrecht, clothed by an epithelium similar to that lining the 
cavity, and between the villi is a granular material similar to 
that found in the uterine glands. 

In Galago.^ Strahl ( 14 ) described the occurrence of similar 
vesicles, but found that tlieir openings, unlike those of Nycti- 
cehm, overlie depressed areas of the mucosa on which are the 
openings of uterine glands. 
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In (Jhiromya^ tlie vesicles are evidently not of the same 
functional importance as in Nytdicehua and Oalago, and it may 
be suggested that they serve not so much as absorptive organs, 
but rather as reservoirs for the surplus of the uterine-gland 
secretion which is probably in major part absorbed directly by 
the trophoblast of the laminar villi. 

The general occurrence of chorionic vesicles in the Lemuri- 
forines has not so far been established. The only reference to 
their juesence that we know of is an inconclusive statement by 
Strabl ( 15 ) that in Lemur monyoz, he observed at one place an 
intlication of a chorionic vesicle devoid of internal villi, overlying 
a groove in tlie mucosa whicli might be a uterine gland area. 
But what apparently does characterise the chorion of certain of 
the Madiigascar Lenmrs, e, g. Fropithecua, is the occurrence 
of circumscribed chorionic bare patches, opposite which there 
occur on the mucosa depressed bare areas on wliicli the uterine 
glands open. Such coiiiplerrienlaiy bare areas (ami moie espe- 
cially the uterine) have been described ))y Milne Edwards and 
Turner (with excellent tigures of the uterine areas, 3, 280, 

and 5, tigs. 8 Si 9), and more recently by Strahl (15, tigs. 14, 15, 
16, tk 18r^ ^)t none of these observers lias given any 

ac<*ount of the structure of the chorionic areas, though Turner 
( 5 , p. 582) expressly states that “the smooth, non-villons sur- 
faces of the chorioti opjiosite the smooth areas on the mr.cosa are 
engaged in the absorption of the secretion of the glands.” 

In the coui'se of examining our preparations of the late 
])r. Jenkinsoii's material of Lepilemur, we observed what we 
took to he these particular aieas; and on referring again to 
Dr. JeIlkinson^s paper, we realised that his description (16, p. 180) 
of the simpler conditions in what he terms “thc^ non-placental 
[really non-villons] regions,” illu.stnited in his figs. 3-7 and 15, 
actually refers to the areas which we had identified as the hare 
areas of previous iij\'estigators. As Jenkinson describes, 
these uori-villou.s areas are characterised by the transformation 
of the trophoblast covering them, into a thick layer comjiosed of 
elongated narrow columnar cells, measuring up to *063 mm. in 
height and just about six times as thick as the normal tropho- 
blast covering the villi (cf, Jenkinson’s figs. 3, 4, Sc 5). The 
cytoplasm of the cells is Hglitly staining and coarsely reticular in 
character, and in some of the cells there is a large, clear vacuole 
situated in the >)asal pai-t of the cell, below tlie nucleus. The 
nuclei are oval and deeply staining, and are situated near the 
middle of the cell-bodies, though sometimes they approach their 
free surface. Occasional biuuclt'ate cells were observed. Specially 
characteristic of this epithelium is the production of the outer 
ends of the cells into bluntly tapering or knob slmped processes, 
in wliich, occasionally, a more or less shrivelled nucleus may be 
seen. They project into a gmnular material, “apparently a 
secretion of the uterine epithelium,” according to Jenkinson, and 
are no doubt absorptive in function. In the basal part of the 
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layer, there occur at intervals curious spherical cells, and imme- 
diately below it, capillaries are present in fair abundance. 

The uterine areas, related to the just-clescribed characteristic 
areas, are more or less folded, and may or may not be depressed. 
They are characterised by the marked thickening and ridging of 
the uterine epithelium, and by the presence of the openings 
of the uterine glands. The uterine epithelium appears as a 
deeply staining layer, thx*own into low ridge-like folds (Jenkinson, 
fig. 15) and about five times as thick as the ordinary epithelium 
covering the mucosal folds. Jt is composed for the most part 
of narrow columnar or club-shaped cells, with deeply staining 
cytoplasm and chromatin -rich nuclei. Jenkinson records the 
presence of goblet cells amongst the ordinaiy epithelial cells, but 
wo have failed to detect them, and considers the epithelium is 
secretory. However that may be, and it is probable, coarsely 
granular material similar to that found in the uterine glands 
occurs in the interspace.s between the thickened trophohlast 
and the ridged uterine epithelium ; and there can be no do\iht, 
we think, that these non-villons chorionic areas have the same 
functional significance as the chorionic vesicles of tlie Ijorisi- 
formes. Indeed, in view of the close adherence of the uterine 
epithelium to the trophohlast of the chorionic villi, characterislic 
alike of Propithecus (8trahl) and (Jenkinson), special 

absorptive areas in relation to the openings of the ntc'rine glands 
would seem to be neces.sary if the secretion of the lattei* is 
to be adequately utilised. 

It may be noted that these areas attain a relatively consider- 
able size, as may be judged from StrahTs figures of Prapifharm 
( 15 , taf. 37), The largest area we ))ave ex*amiiio<l in J 
measures over 3 mm. in diameter. 

OUNCLITSIUX. 

In the contribution by one of us(fl.) to the discussion on llie 
zoological position and affinities of Tarsias ( 17 ), tli<» ^iew is 
expressed (p. 477) that the placeiilation of tlu? JiCinuroids 
is essentially primitive, ‘‘ javsenting us with a simple little 
specialised type of placenta from Inch the more advanced and 
presumably more efficient arrnngennujts in the other IVimatcs 
may (juite easily have originated as the result of adaptive 
specialisation in the course of evoiutif)n.” More detailed 
acquaintance with the Lemnroid placenta, lias only served to 
strengthen us in that conclusion, and has, moreover, entirely 
failed to reveal the slightest evidence in support of the view 
expressed by Hubrecht ( 10 , p. 145) and also by Asshetoii 
( 18 , p. 268) tliat the Lomuroid placenta is a secondarily simj)lifie<l 
and derivative type. 

These two authoiibies base their belief very largely on 
theoretical considerations concerning jilacental evolution, and 
consider that the diffuse placenta of the Lemurs is different from 
that of the Ungnlata, Manidm. Cetacea, etc. 
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In his speculations on the phylogeny of the placenta, Hubrecht 
(10) starts out by denying a jReptilian origin for the Mammalia, 
and postulates a primary phagocytic and absorptive activity on 
the part of tiie trophoblast. Fi-om the very start of uterine 
gestation, the trophoblast ])roliferating rapidly, invaded and 
destroyed the maternal decidual tissue, and as the result, there 
>vas formed a localised placenta of the “deciduate” type in 
which the maternal blood circulated either in endothelially lined 
capillaries enclosed by trophoblast (Carnivora) or actually in 
lacunar spaces in the trophoVdast itself (liisectivora, Bodents, 
etc.). That being the primary and original type of placentation, 
it follows that all the “<liflFa8e” varieties of placenta in which 
such phagocytic activity on the part of the trophoblast “was 
insignificant or absent (Lemurs, certain Edentates, and many 
Ungulates) ” have l) 0 en derived by simplification from the more 
elaborate “ deciduate ” type. Hubrecht admitted, however, that 
“ we cannot for the present indicate the intermediate stejis by 
winch the simplification of a placenta of the Insectivorous 
or Primate type down to that of the present Lemurs was 
brought about ...” (10, p. 115); but he saw “no reason why 
this simplification should not have arisen more than once ” 
(p. 145)-— the diftuse placentation of Lemurs “ was not 
necessarily obtained along the same hereditfiry line of develop- 
ment ” as that of Ungulates. Indeed, he thinks there is sufficient 
evidence to justify the drawing of a sharp line of distinction 
between the placentation in these two groups. The late 
Richanl Asshetoii, in liis critiqtio of Hubrecht’s monamental 
paper (10), says (18, p. 268) : “ 1 entirely agree with Hiibrecht’s 
opinion that the diffuse placentation of the Lemins is difi’erent 
from that of tlie true plicate* forms of Ungulates, Cetjmea, 
some Edentates, etc.” Further he writes (p. 265) : “ Whether 
the Carnivora or the extreme cumulative or extreme plicate 
[placenta] is the most primitive, it is very difficult to say”; 
nevertheless he goes on to suggest that the Lenimine placenta, 
which he terms “ pseud<»- plicate,” may possibly have been 
derived by rediictiou from a cumulate type such as is found 
in the l.Vrnivora, “by way of such conditions as Hylohates^ 
Seinuop'tJuHUis, Cercocehm^ by the gi’adual supersession of the 
glandular activity of the maternal uterus over the phagocytic 
activity of the fu'tnl trophoblast, and the filling of the blood 
sj>ace‘', irsto which the fmtal villi originally hung, with uterine 
so(Tetions instead of extnnasjited maternal blood ” (p. 269). 
Hnt wliy the Lemurs after having evolved a cumulate (deciduate) 
placenta should have been under the necessity of substituting for 
it the plicate (non-deciduate) type is not explained. 


* Asshetoa suggested a grouping of placental forms based on tbe behaviour o 
the tiophoblaat into (a) Cmmilate, charactorived by radial, more or less 1 oca 
thickening of the trophoblast which w actively phagocytic Deciduate”)* 
(b) Plicate, characterised by tangential extension and folding of the trophoblas’ 
with little or no phagocytic activity (=* “ Nondeciduato”). 
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We must confess we are quite unable to accept the views of 
these two authorities, either in respect of the secondaiy nature of 
the diffuse placenta of the Lemurs or in regard to its dis* 
similarity to the diffuse placenta of other Mammals. It appears 
to us they have attempted to read the story of placental 
evolution the wrong way round. 

In our opinion, any attempt to trace the evolution of mam- 
malian placental arrangements must be based on a consideration 
of the probable conditions which obtained at the time viviparity 
replaced oviparity. Knowing the arrangement of the foetal 
membranes in the existing Monotremes, we can picture the 
conditions with reasonable certainty. We sliould postulate, 
then, that the common ancestral stock, from which the Di- 
delphia and Monodelphia diverged, possessed an arrangement 
of the fmtal membranes similar to that of the existing Mono- 
tremes and of Phmcolarctos amongst the Marsujaals — i. e., the 
outer wall of the embryonal formation consisted as to one-half 
or thereabouts of unsplit blastocyst wall or omphalopleure, in 
part vascularised by the vitelline vessels of the vascular area 
of the yolk-sac, and as to the remainder, of al Ian to- chorion, 
vascularised by the umbilical vessels of the vesicular allantois. 
The uterine mucosa possessed a |)ersistont covering epitbeliuni, 
functional uterine glands, and a rich vascular supply. 

These being tlie structural elements involved, the primitive 
placenta was constituted simply by the close apposition of the 
omphalopleure and the allanto-chorion with the vascular lining 
of the uterus. Here we have the simplest })ossible type of 
placenta, partly allantoic, partly vitelline and diffuse in the 
sense that the whole of the outer surface of the embryonal 
formation is involved in the carrying on of the OAcbanges 
between the maternal and foetal blood-streams. The troph oblast 
covering the entire outer surface is as yet a simple layer, absorp- 
tive but not actively phagocytic. 

Out of the primitive placenta here outlined, we see no difficulty 
in deriving on the one hand, the relatively simple placent*d 
arrangements characteristic of the Marsupialia and on the 
other, the varied types of placenta characteristic of the Mono- 
delphia, the non-deciduate diffuse type representing only a 
relatively slight elaboration of the primitive form, and the 
varieties of the ‘‘ deciduate ” type resulting from the assumption 
by the tropboblast of active phagocytic properties, the precise 
characters assumed by the placenta being in all cases determined 
by a variety of conditions, intrinsic and environmental or uterine. 
We therefore remain firm in our belief that the placentation of 
the Lemurs is genuinely simple and little specialised. 

Finally, as concerns the reputed distinction between the 
Lemuroid diffuse placenta and that of other Mammals, we 
readily grant there are differences in detail, but we quite fail 
to see that there is any fmuiammtal difference, or even enough 
difference to justify the calling of the former “pseudo-plicate" 
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and the latter “ plicate.” Both are plicate in Assheton s sense, 
and are characterised on the foBtal side by the presence of a 
relatively passive trophoblast, markedly folded and of great 
extent, by the vascularisation of the chorion through a large 
vesicular allantois and by the reduction of the yolk-sac and its 
vessels; and on the maternal side, by the f>er8istence of the 
uterine epithelium (at least in the majority) and of the uterine 
glands in an active functional condition. In our view, the 
resemblances far outweigh the differences in detail. 

We are accordingly in entire agreement with Jenkinson ( 16 ) 
in believing (1) that the resemblance between the non-deciduate 
placentation of the Lemuroids and that of other Mammals, e. g, 
the Ungulata, are due to their derivation “ fi oni a common 
ancestral * indeciduate ’ type ” ; and (2) that the deciduate 
hannochorial ty})e of placenta characteristic of the other Pri- 
mates has been evolved from the non-deciduate Lemuroid type, 
quite independently of that of the Rodents. Insectivora, etc. — 
another illustration of the principle enunciated hy H. F. Osborn 
that ‘‘ the same results apj^ear independently in descendants of 
the same ancestors.” 

M e are greatly indebted to Mr. F. Pittock for invaluable help 
in the preparation of Pis. ITl.-VJ. and to Mr. S. Steward for the 
photographs of Specimen A, Pis. I. k II., and to Mr. Terzi for 
retouching the same. 


APPENDIX. 

On the External Chanicters of a Foetal Chironv/s, 

By R. 1. PococK, F.R.S. 

At the request of the authors, I un<lertook to examine and 
describe the external features of the hetal CTitVomys (Specimen B, 
PI. 111. tig. 6), the placenta of wdiich is described in the pre- 
ceding pages by Prof. Hill and Mr. Burne. 

The approximate dimensions in millimetres of the specimen, a 
male apparently at full time, are as follows ; — Dors^ contour 
length (snout to root of tail) 165; head and body from crown to 
root of tail 106 ; head from nose to occiput 37; ear from inter- 
tragal notch 21 ; ttiil 103 ; upper arm 25 ; fore-arm 21 ; palm of 
hand 12 ; thigh 31 ; lower leg 31 ; sole of foot 18. The geneml 
proportions do not differ greatly from those of the adult, the tail 
and arm being relatively as long, but the head i$ relatively 
larger, the leg shorter, and the digits of the hand shorter than 
in the adult. 

The coat consists of comparatively short and sparse adpressed 
hairs, brown and grey in colour ; on the hands and feet and tail 
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the tint is blacker ; the muzzle and cheeks are nearly naked. In 
the adult the coat is thick and woolly and black in colour, with 
long black and white bristles intei’inixed. The head is relatively 
larger, and has a more vaulted cianium than in the adult. 

The rhinarium is w’ell developed and like that of the adult. 
So also are the facial vibrissie, the genal and superciliaiy tufts 


Text-figure 4, 



A. Head of iVi’tal Chirotny$, B. Base of oar of ftauie. C, Base of ear of adult. 
I). RliiiKHrium of foetal Chironii/g, 

being specially well marked. Tliere is a single interramal vibrissa. 
The eyes are much smaller than in the adult, oval and pointed at 
each end, like the eyes of a diurnal mammal. 
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The ear is covered with sboi-t hair externally, and is flat and 
not hollowed, but the ridges and depressions characteristic of 
the adult are all indicated. In the adult the ear is naked 
internally and deeply hollowed ; it is also relatively much larger 
than in the fmtiis, its length being ecpial to the disUince between 
its intertragal notch and the end of the rhinarinrn, w^hereas in 
the young its length is only equal to the distance from the end 
of the rhinarium to a point just behind the eye. 

The tongue differs in at least two particulars from that of the 
adult. The distal margin of the sublingua is irregularly pointed 
and seriulated, and the median inferior ridge ends in a soft 
straight point, not in a hard down-curved liook. In the points 


Text-figure 5. 



in wJiich fhc^ sublingua differs from tliat of the adult, it 
approaches the less specdalised condition seen in the typical 
r.iemurs. 

The fore limbs closely resemble tiiose of the adult, hut the 
digits are relatively much .sliorter. The fourth digit, for 
example, is only a little longer tlian the palm, whereas in the 
adult it is nearly twice the length. The pollex also is relatively 
much nearer to the second digit than it is in the adult. 

The hind limb closely resembles that of the adult in all im- 
portn i)t respects. It is,‘^however, relatively shorter in all its parts. 
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The external genitalia are remarkable for the length and 
thickness of the penis^ the distal end of which is curved forwards, 
with its posterior, or inferior, siii‘face strongly convex. Proxi- 
mally it arises in front between the two well-marked inguinal 
mammee, and its integument here is mesially grooved. Imme- 
diately behind its posterior point of insertion there is a little 
bilobed thickening of the skin, representing the tip of the 

Text-figure 6. 




A. Liiteral view of the liiiid quart«r^ to show the prominence of the penis. 
B, Ventral view of the bind quarters, with penis turned iisule to the left, 
w. mamraii; p. penis; «. scrotum; «. umbilical cord. 

undeveloped scrotum, and abow- this on each side a shallow 
groove runs upwards and forwards to the level of the niammay, 
apparently defining the inguinal position of the testes. The 
penis, the inner surfaces of tlie thighs, and the abdominal region 
are much more scantily hairy than the upper and outer surfaces 
of the body and limbs. 
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EXPLANATION OP THE PLATES. 

X.Ut of PUferencc Latlert. 

allx, allantoic cavity ; all.ean. allantoic canal ; allx/i. allanto*choriou ; all.eut^ 
allantoic entoderm; alLtc, inner wall of allantois; amu, amnion; cap. allantoic 
capillaries; cJim. chorionic appendage; ch.eet. chorionic vesicle; c,t. connective 
tissue of villus; ej', peripheral zone of same; Jld, fold between uterine cornua; 
mu$o, musoularis ; op, opening of chorionic vesicle ; p, smooth prolongation of 
chorion into cervix ; aepL septa) pillar between inner and outer w'alin of allantois ; 
tr, trophoblast; umhx, umbUtcal cord; «mb,arL umbilical (allantoic) artery; 
umb.v, umbilical vein ; ut,gl. uterine glands ; vilL chorionic villus. 

Fig. 1. Uterus, Chirom^, Spec. A., opened from the dorsal side, showing the 
chorionic sac in aitu. The folded character of the mucosa, the chorionic 
appendage (oA.a.) projecting into the right cornu, and the non-villous 
prolongation (p.) into the cervix are well seen. Jld, fold between uterine 
coruna. About nat. size. 
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Fig. 2. Foetal Chiromj/ti^ Sp^c. A. The chorion 1ms been removed, expoeing the 
' main sac of the allantois and its accessory lobes on the left side of foetus. 

The head of the foetus is towards the lower side of the plate. The main 
sac has been opened up, exposing the opening of the allantoic canal, into 
which a white rod has b^eu passed. {Cf, text-fig. 2 and text, p. 116,3.) 
Slightly reduced. 

Fig. 3. Fietal ChiromySf Spec. A. The same preparation as in fig. 2, but from the 
right side of fietus. An extensive area of the amnion on the right side 
of the head of the ftetus has bt^en removed. {Cf. text-fig. 3 and text, 
p. 1166.) Slightly reduced. 

Fig. 4. View of the chorionic sac from the right side of the foetus, Spec. H, show- 
ing the ai mngement and character of the laminar villi. Tlie head of 
the fo'tus is towards the left side of the plate. Slightly reduced. 

Fig. 6. Similar view of the left side of tht* chorionic wic, Spec. II, to show especially 
the chorionic appendage which jirojected as in Spec. A into the right 
cornu. Slightly reduced. 

Fig, 6. Foetus, Spec. 11, from the right side, after removal from the ftetal mem- 
branei*. The severed umbilical cord is seen overlying the right fore-ann. 
Slightly reduced. 

Pig. 7. Chorionic appendage. Spec. B, extended so as to show the folded laminar 
character of the villi of its upper surface. Slightly reduced. 

Fig. 8, Portion of the same, more highly magnified. X about (I. 

Fig. 9. Portion of the exposed surface ot the cbononic appendage, Spec. B, show ing 
the convoluted appearance of the \illi. X about 0. 

Fig. 10. Enlarged view of the portion of chorion. Spec. B, overlying left side of 
hinder region of fietus, showing the tobled villi and the non-villous 
ridged areas, X about 6. 

Fig. 11. (PI. VI). View* of the inner surface of ullanto-chonon alter reflection of 
the inner wmll of allantois (a//.w.), sliowing the chorionic vesicles 
(ch.ves.). 

Fig. 12. Section through body of uterus, Spec. B. X about 12. 

Fig. 13. Trans, ijection through the ollanto-cbovion in the region of junction of 
umbilical cord with the inner ivall of allantois, showing the coid («w6.c.), 
the allantoic cavity (all.eav.) crossinl by tw'o septa {xepf.), the ullanto- 
chorion {^all.ch,) with its villi and tw'O chorionic vesicles {oh.vvn.). in the 
left one ol which the ojjeiiing to//.) is visible. X about h‘n. 

Fig, 14. Section similar to the preceding, more highlyningiufied to sho^^ the strin*- 
ture of the umbilical cord, allantois, and chorion. X about 12. 

Fig. 16. Section through the allanto-chorioii and one of its villi, sliow'iug the 
allantoie entoderm {all.enf,)^ the connective tissue of the allant o-choi ion 
(ali.ch,) prolonged to form the avis of the villus (c.^‘), in vvhicli are seen 
in section the smaller bi’anches of the allantoic vessels. X about 48. 

Fig. 16, Section through a villous branch, to show the trophoblast {tr ), the under- 
lying capillary plexus (cop.), and the connective-tissue core (c.f.). Mote 
the characteristic zone of the latter, lielow the capillaries {c.t'.). X about 
300. 
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52. On the External Characters of the Beaver {Castondce) 
and of some Squirrels [Scmridw). By R. I. POCOCK, 
F.R.S., F.Z.S. 

[Received October 20, 1922 : Rend November 21, 1922.] 
(Text-figures 38-60.) 
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Introdtiction. 

The Squirrels, Marmots, and other admittedly related genem 
forming the Sciurida^ were formerly associated with the Beavers, 
or Castorida?, in a primary <Uvision of the Simplicidentate 
Rodents, the Sciuromorpha It has become the fashion in 
recent years to drop this group. Nevertheless, the two families 
are still sugge.stively juxt.njx>sed by systematic writers, and no 
one seems to doubt the validity of the claim of their relationship 
based upon certain cranial charactens connected more particularly 
with the structure of the zygomatic arch. Miller, for example, 
in his key to the families of Roilents of Western Europe, places 
the Castoridoe and Sciuridaj under a heading distinguished from 
the other families by having the anterior portion of the zygo- 
matic tirch formed chiefly by the jugal bone and the infraorbital 
foramen snmll ; and the opening words of his diagnosis of the 
family Oastoriilte are “ characters essentially as in the SciuridaB.” 
Alston, Thomas, Flower, Tullberg, Winge, Max Weber, and 
others all agree in placing the Castoridro and Sciuridje in the 
same section of Rodents. 

As regards the division of the Sciuridae into subfamilies there 
has been, and is still, some diffei*ence of opinion. By most 
authors the Marmots and Sousliks were separated as a subfamily 
— Arctomyinm {Marinotincr ) — from the Squirrels (ASWwrin<r) ; but 

^ Abo containing the Aplodontidas, about which 1 have no first-hand knowledge. 
This family was, however, removed from the Sciuromorpha by Thomas, P. Z. S. 
1896, p. 1016. 
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Forsyth Major and Miller withheld that rank from them* On 
the other hand, the Flying Squirrels, which were usually dis- 
tinguished as the subfamily Fteromyinoi {Petauristince)^ were 
granted by Miller the full family rank as Petauristidae, equiva- 
lent to the rest of the Squirrels or Sciuridse. A fourth sub- 
family — NannosciurinfB — admitted as valid by some authors, was 
shown by Thomas in 1915* to be composed of heterogeneous 
elements, the evidence of affinity between the genera derived 
from skulls being entirely untrustworthy. 

The question of the generic classification of the Sciuridoe need 
not be discussed at length. All that it is necessary to say is 
that in 1915 Thomas clearly showed, by his study of the oa }}en%% 


Text-figure 



A. Muz'de of Seiurus vulgarhy with rliinarium exposed and partially 

concealed by hood. 

B. The same of S. gaUuenais, with rhitiariam exposed and entirely hooded. 

C. Ditto of Geosciurut oapensia. 

or haculum^ that previous attempts to affiliate the genera and 
subgeiiera by their skulls and teeth and other chaiacters had 
in many instances yielded erroneous restdts, such as association 
of Galhsciurua with Sciurus and of Nannoaciurua with Myo^ 
aciurua. No living student of the family would claim that we 
know the relationship of all the groups of genera to each other. 
The vagueness and diversity of opinions on this point, coupled 
with the hope of finding unrecorded features of systematic value, 
induced me to take up the study of the external characters 
presented by the ears, feet, and other organs which had been for 


* Ann. & Mftg. Nat. Hist (S) xv. p. 366. 
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the most part neglected by previous workers, partly owing to 
scarcity of materials, either fresh or preserved in alcohol, suitable 
for the purpose. The result of my observations, extending over 
many years and based upon specimens that died in the Zoological 
Gardens, form the subject-matter of the present paj)er. Examples 
of a good many genera have passed through my hands in that 
way ; but in some cases I have been compelled to rely upon dried 
skins contnined in the collections of the Zoological Society and 
of the Natural History Museum 

The Muzzle, Mouth, m\d Facial Vihrissm, 

The muzzle in all the genera of Sciuridse and Petauristidse 
is very uniform in structure, A peculiarity of the rhinaiium is 
the mechanism by which the nostrils are closed. The hairy skin 
of the muzzle just behind it on the dorsal side is capable of being 
moved downwards and forwards, cairying the supranarial por- 
tion of the rhinarium with it, the two constituting, as it were, 
a kind of hood or cap over the nostrils. When completely 
lowered, the inferior edge of this hood forms a transverse or 
cresceutically curved line defined from the upper lip by a narrow 
slit of the same shape. The line along which the upper half of 
the rhiijarinm is folded down is usually, at all events, marked 
by a transverse groove just above the upper edge of the nostrils. 
The rhinarium itself is naked and has a well-marked median 
groove between the nostrils, which are of the usual shape, with 
the typical narial slit behind and externally, and the expanded 
orifice in front and internally. They are moderately widely 
separated and look straight forwards. The rhinarium varies 
somewhat in sha{>e. For instance, in Sdurus vulgai'ia it is 
comparatively deep, and has a nearly straight or convex ly 
rounded upper edge. In Sdurus saUmfiais it appears to be lower 
with tlie upper edge not netirly so raise<l. It also appears to be 
broader and altogether larger relatively in Marmota than in 
Cymmya. But although these observations were made upon 
fresh specimens, the apparent height of the rhinarium varies so 
much in accordance with the expansion or contmction of the 
hood, that I haye found it impossible to make any useful syste- 
matic geueralisatious with regard to its shape. (Text-figs. 38 
39, A-G.) 

The two halves of the upper lip ai*e completely divided up to 
the inferior median point of the rhinariiun. 

The rhinarium in Castor is very different from that of the 
Squirrels. The nostrils are widely separated, look outwards nnd 
upwards and are valvular, closing to form a crescentic slit. 
The area around them is naked, and the wide naked internarial 
space has an oblique crest of hairs passing over the nostrils on 

* 1 have to thank Mr. Oldfield Thomas not onlr for permistiion to examine the 
oolleotions under his charge^ Wt also for much kind hel]> in the identifioatioa of some 
of the species of this difficult group about which 1 was in doubt. 

Paoc. Zoon. Soc.— 1922, No. LXXVIII. 


78 
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each side, and there is an upstanding crest on each side of the 
front of the infranarial portion of the rhinarinin. The rhina> 
rium is not mesially grooved and the upper lip is not cleft, 
although the short hairs on each side of the middle line are 
inclined inwards and downwards in a different direction from 
those external to them and form a definite crest or fringe. (Text- 
fig. 40, A, B.) 

The mouth in Sciuridso and Petauristidse is provided with two 
palatal lobes of hairy integument jutting inwards from the 


Text-figure 30. 



A. Muzzle of Cynomy9 ludoviciantuij with rhinariuui exposed. 

B. „ „ Uatufa indica^ with rhitiarium partially hooded. 

C. Mouth and muzzle of Marmota marmota, showing the cheeh-lobes 

projecting into mouth, and rhinarium exposed. 

D. Mouth and muzzle of Ca$tor canadensiB^ half side view, to show mat of 

bristles (m.) inside the cheek. 

cheek. These are capable of meeting over the j)alate behind 
the incisor teeth, but they are never fused in the middle line. 
Two similar but smooth and altogether smaller lingual lobes jut 
inwards on each side of the tongue. (Text-fig. 39, C.) 

Definite cheek pouches are developed only in throe genera — 
TamioB Gitellm, and Cynomys. I liave not been able 

to examine them in OiieUm, but in Tamim and Cymmys they 
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open into the mouth approximately on a level with the anterior 
end of the molar teeth. In Ta/iniaa they are of large size, and, 
when unstretched, reach back as far as the ear. In Gynomys 
they are much smaller and do not reach beyond the eye. J udging 
from the descriptions of the pouch of CiteUus as “large,” I 
presume it resembles that of Taniias and JBiUamias. Marmota 
is usually described as being without cheek pouches, and I failed 
to find a trace of them in the typical European species M. 
marmota. Nevertheless, in his diagnosis of the genus. Miller 


Text-figure 40. 



11 C 


A. Muxale and rliiiuirium of Vattor iiher. 

B. Khiiiarium of the same from the side. 

C. Kar of CaBtorJiher^ with position of orifice dotted in. 

says “ cheek pouches rudimentary or absent.” Elliot * describes 
them as small in the American species, assigned to Marmota, 
and Cory t cites their presence as a character of the subfamily 
Marmotinc^, (Text-fig. 41, 0, D.) Fresh information is clearly 
wanted on this point. 

In its palatal and lingual lol)es the mouth of Cmtor i*esenibles 
that of the Sciuridfe, but it difiers in having a large pad on each 
side of the cheek, lying farther within the mouth than the 
normal lobes. Each of these pads is provided with stift’, short 

• Field Cotumbian Museum, Eool. ii. p. 104, 1901. 

t * The Mammals of lUiuois and Wisconsin/ p. 137, 1912, 

78* 
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hairs, formitig a kind of mat, and projecting downwards and 
backwards. The hairs of these pads meet in the middle line 
over the tongue in front of the molar teeth, and close the orifice 
of the throat, (Text-fig, 39, D.) 

The, tufts of the facial vibrissce in all the genera of true 
Squirrels, in the Sousliks and Marmots are normal in number 
and position, the mystacials, supercilaries, and genals being long 
and comparatively numerous and the inten'amals, though less 
evident, being always detectable. The only variations to record 


Text-figure 41. 



A. Head of Galloaciurus prevosti^ showing t)»e tufts of vibrissso charac- 

teristic of the Sciuridae. 

B. „ „ Qeosciurus eapemis, with additional tuft of superciliaiy 

vibrissas, 

it it Cjfnomys ludovieianvs, the curved dotted line showing the 
size and position of the small cheek-pouch. 

P. „ „ JSutamias quadrivUtatuSt with the e\ternal wall of the large 

cheek-pouch cat open. 

are the absence of the interramal tuft in the Flying Squirrels 
(Petauristidfle) and the presence in the Bristly Ground Squirrels 
(Xerue and its allies) of a supplementary superciliary tuft of 
long vibrisssB over the posterior angle of the eye. In this 
particular these Ground SquiiTels are unique, so far as I know, 
amongst mamiilals. (Text-fig. 41.) 

The Beavers have a few short, stiflf mystacial and superciliary 
vibrissee, but the genal and interramal tufts are absent. In the 
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absence of the genal tufts the CastoridaD differ from the Sciiirid® 
and Petauristid®. 

The systematic results yielded by the characters discussed may 
be tabulated as follows : — 

a, Kliinariam uiihooded, aot wholly naked, noMrils wide apart, 
lateral, valvular; upper lip uncleft; moutli with a bristly 
pad inside the check ; no genal vibriss® Castor id'z^ 

a', nhiiiarium hooded, t. e. capable of being covered by a flap of 
skin from the upper surface of the nose, naked, nostrils close 
together, looking forwards, not vahular; upper lip deeply 
cleft to rhinnriuin ; mouth without bristly pad inside cheek ; 

genal vibrisKte present ..... Sciurida & Petanrhtida, 

b. Two tufts of superciliary vibrissse, an anterior and a posterior, 

Xcrm and its allies. 

ft'. Only the normal anterior tuft of \ibris8(o present. 

r. Jnterrainal tuft of vibrissw present . Scinrid/e (including AVras). 
c' I nterramal tuft of vibrissic absent .... retavristidw. 

The Ear, 

In the arboreal 8quirn*ls the ear exhibits no marked struc- 
turnl variations. Thai- of Schtrns TMlgaris ma}' be described as 
typical. It is oval in slmpe and stands away from the head from 
a point in front about on a level with the siipratragus. and beliind 
from a point lielow the antitragus. The anterior edge is folded 
over from the summit or tip of the ear, and the overfoldeil rim 
inorefises in thickness down to the supratragiis. Beneath the 
supratnigus the edge runs ohlupiely downwards and liackwards 
into tlie cavity of the ear, and ceases on its inner wall about 
midway l^etween the su[)i*nt ragus and the orifice of the ear. The 
orifice lies at the bottom of the cavity just below the level of the 
int(*rtragal notch, whicli is defined in front by a small hemi- 
spherical tragus and heliind by a large angular antitragus. The 
latter fits over the tragius wlien the ear is closed, and posteriorly 
is continuous with a laige flap resulting from the overfolding of 
the posterior rim from a jioint a little above the line of the 
suprat ragus. The supratmgus is a ridge with shar}>]y defined 
inferior and poorly defined sujHU-ior edge. It forms the upper 
boriler of the cavity of the eai-, separating it from the feebly 
hollowed upj)er })ortion, which in height exceeds the height of 
the cavity. (Text-flg. 42, A,) 

Judging from dried skins and material preserved in spirit, the 
ears of the American sjmeies /S', hudsonkm, carolinensk\ niger 
{rt^Jti^enter)^ gri$eus\ saliuensis, hg/jopgrrhns and of several forms 
related to the last, resemble in all essentials those of S, vulgaris. 
Bo also do the ears of EtUamias, and of the Peiauristid® of the 
genera Glaucomys^ Eogkmcovn/s .‘\nd Petaurista, with the excep- 
tion that in those Flying Squiirels the pinna is still more 
extended a,hove the supratragus and the anterior edge is not 
overfolded to the summit. ('i‘ext-flg. 42, B, E, F.) 

The ears of the Tropical Asiatic and African arboi'eal Squirrels 
differ from those of iSciunts vulgaris and of the American species 
above referred to in being shorter as compared with their antero- 
posterior width, in being less tubular at the base, so that the 
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auditory oi ifice opens approximately on a level with the inter* 
tragal notch ; the tragus and antitragus, es^vecially the latter, 
are, on the whole, less well developed, and the summit of the ear 
does not project so high above tlie level of the head, although 
in Eatufa and Funmibulm it is in this respect intermediate 
between the ears of Sciurus vulgark and its allies and those of 
Calloscinrus and Funiaciurus, 

In Raiufa (text-fig. 42, C) the ear rises from the head at a point 
about on a level with the anterior end of the supi*atragus in front 
and below the upper end of the antitragal thickening behind ; its 
upper edge is rounded, not pointed, and the edge of the anterior 
njargin is overfohied from the summit. Inferiorly the over- 



A. Eor of SciuruB vulgaris. D. Ear of Fnnamhulns palm tritm, 

IL „ „ Eutamias quadrivittatvs. E. „ EoglaucomgHjfimhriatus, 

C. „ „ Ratufa indica. F. „ „ Glaucomgs volans. 

0., position of orifire. 

(These figures are intentionally drawn of approximately the <!ainc‘ wze.) 


folded edge is continued downwards and backwards into the 
cavity of the ear, revising near its middle. Beneath its termi- 
nation there is a shallow pit concealed within the antitragal 
thickening, which is low and not pnxluced. There is no tragus, 
ami the auditory orifice is just exposed witliin the intertragal 
notch. In Calloscitirus prevosti, C. notatus^ and TotneiUes 
vitiatus the ear is less prominent than in Ratufa^ and its points 
of attachment to the bead in front and behind are somewhat 
liigher. In C. prevosti also its upper portion is narrower and 
more pointed. In (7. viUaim and C, notatiis the posterior edge 
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is slightly emarginat© above. In these three species the tragus is 
small or absent. (Text-fig. 48, A, B.) In Ftmambulm triatriatus 
the ear does not appear to difier in any essential points either 
in structure or relative size from that of G. notatus; but in 
F, pahiarum it is less hairy and relatively considerably larger 
and has the posterior edge markedly emarginate above*. (Text- 
fig. 42, D.) 

In the African Squirrels, FuniaciuritB leucosiigma and F* cepapij 
the cal’s are small as in CaUosdurm, and do not appear to differ 
from them, although the cavity is perhaps more subdivided by 
hollows and low ridges ; but in Helioadurua punctatm the anti- 
tragus is better developed, being provided with a very definite 
process ; the tragus is a curved, soft ridge, and the orifice of 
the ear, normally concealed by the antitragus, is narrowed and 
pointed above instead of being subcircular as in Funiadurus, 
(Text-fig. 43, 0, D.) 

The e^irs of the OitdhiSy CpnoniySf and MarmoUi are mostly 
smaller than in the typical Squirrels ; but within the limits of 
the genus Citellua the variation in size is considerable. In C, 
{Otoaperrtiophilxt^) heecheiji they are indeed relatively larger than 
in Galloadurua or Funiaciurxia and project above the level of 
the head ; but in other species, L e, some of those referred to 
the subgenus Ictidompa, they have been descrited by Allen as 

generally small, sometimes rudimentary.” Nevertheless, even 
in C, bf*echef/i they differ structurally from the ears of all the 
typical Squirrels examined. The cavity of the ear, bounded 
above by the supratragus, is to a roiusiderable extent filled in 
front by a thickened development of the inferior continuation 
of the overturned anterior margin of the pinna ; and this 
thickening is covered closely with longish hair covering the 
cavity and closing it when the ear is folded. There is no trace 
of tragus or antitragus, the lower rim of the cavity forming an 
evenly curved line. For the rest, the area above the supmtragus 
is well 4leveloj>ed and has a very distinctly emarginate posterior 
border; the tip is somewhat pointed, and the overfolding of the 
edge of the anterior rim does not quite reach the summit. In front 
the ear rises from the head at a point a little above the anterior 
end of tlui supratmgus, and behind the posterior boi’der fuses 
with the integument of the head just l)e)ow the posterior end of 
that ridge. (Text-fig. 44, D.) 

In Marmoia mwrmoia the ear is a little more reduced in size 
than in C, Imechepi^ and the area above the supratmgus is wider 
ill proportion to its height ; the tip is pointed, but the posterior 
border is less markedly emarginate. The points of origin of the 
free portion in front and liehind are approximately at the same 

* Judging ffom dried skiiu the earn of Tomwten ^eem to be like those of 
CalloBeiunut ; but in the remarkable Bornean genus JS^eithrosHurvi these organs 
differ from those of the other Oriental genera in their great length. In this 
respect tho}* surpass the ears of fif. imIffttrUt \ but details of their structure could not 
be determined on the made-up skins in the Katural Histoiy Museum. 
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levels as in C, hee(^yi ; the ca.yitj ii^ similarly blocked in front 
by the hairy thickening of the inputting portion of the inferior 
continuation of the overfolded portion of the anterior rim, and 
there is no trace of tragus, antitragus, or intertragal notch, 
(Text-fig, 44, E.) 

In Cynomya the ear is very much smaller than in Marmota 
owing to the reduction in size of the area above the supiatragus. 
The summit is rounded, and has its edge overfolded in continua- 
tion of the overfolding of the anterior edge. The hairy thick- 
ening projecting backwards into the cavity of the ear above the 
orifice is well developed, there is no tragus or intertragal notch, 
and at most a trace of antitragal thickening. (Text-fig. 44, F.) 

In the Ground Squirrels of the genus Xerris and its allies, 
which are as terrestrial in their habits as the Sousliks and 


Text-figure 43, 



A. Ear of CaUosciurus prevoati. D. Ear of llelumittrua pimctatua, 

B. „ ,t Tomeutes vittatus. E. „ „ Atlantoxerua ffefufm. 

C. „ „ Funiaciuruf eepapi. F. „ „ Geoaeiurua capenaia. 

at.t antitragal tliickeniiig. 

Marmots, the ears are greatly reduced in size, in some cases, 
indeed, e. g. in Geosciurus capensis, equalling apparently in that 
respect those of some of the small-eared species of GiteUua, But 
they are modified for terrestrial life on quite a diflTerent plan 
from that exhibited by the Sousliks and Marmots. 

In Euxerua erythropus^ for instance, a comparatively large- 
eared form, in which the summit of the ear reaches about as 
high as the level of the head, the antero-superior and posterior 
margins meet approximately at a right angle. The anterior 4<lge 
is overfolded, and is continued beneath the supratragus, where 
it bends backwards and downwards, ceasing just above the 
tragus, or sometimes running thence backwards and upwards as 
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a rod-like ridge to the posterior end of the supratragus. The 
tragus is a hard, rounded eminence, and the intertragal notch is 
very deep. The antitragus is a thick bulging swelling set high 
above the tragus just beneath the posterior end of the supra- 
tragus, which fuses with it. The anterior edge rises from the 
head at a point about on a level with the anterior end of the 
supratragus and the posterior edge, which is nearly straight or 
slightly sinuous, from a point about on a level with the lower 
portion of the antitragal prominence. When the ear is closed 
the upper portion folds down on the supratragus, the antitragus 
is folded on itself and pulled forwards over the tragus, and with 
the supratragus blocks the upper part of the cavity, the inter- 
tragal notch at the same time being closed by the juxtaposition 


Text-figure 44, 



A, B, C. Ear of Sujrertut crjfthropui, in three stages of folding. 

1). Ear of Citellns {Otospetmophiltis) heechej/ij from a dried skin. 

E. „ ,, Marmota marmota, 

F. „ „ Cpiwmps ludovicianuSn 

of its anterior and {X)sterior walls. Thus the mechanism for 
closing the ear is quite dittei'ent from that of the Marmots and 
Sousliks, where the supratragus is depressed against the hairy 
thickening invading the fore part of the ear-cavity, the thicken- 
ing itself being pressed down over the orifice. Judging from a 
dried skin, the ear of Xerus rtUUus is relatively a little smaller 
than in Etwcerm er^thropua owing to the raduction in size of the 
portion above the supratragus. (Text fig. 44, A-C.) 

In Atlantomrua gatvlxia the ear seems to be relatively a little 
smaller than in E. ergih^opua.^ and projects fix)m the head less 
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prominently, but resembles it in other ways sufficiently closely 
to call for no detailed description. The most important difference 
is the absence of the tragal thickening in front of the inter- 
tragal notch, so that the orifice of the eai- is exposed. Owing to 
the reduction in size of the upper free portion, the supratragus 
is nearer to the summit and the latter is somewhat more 
pointed. (Text-fig. 43, E.) 

The ear of Geoadurus capensis exhibits the final stage in 
degeneration in this gi’oup* ; but it is clearly derivable from the 
type seen in Atlanioxerua by the reduction of the upper |)ortion 
above the supratragus to a rounded thickened rim incapable of 
being folded downwards and backwards to any appreciable 
extent on to the supratragus, which is re})resented at most by a 
short ridge running forwards and upwards from the antitmgus. 
The latter, as in the other species, is a rounded thickened bulge, 
less well defined than in tlie northern species, set liigh up and 
overlapping the posterior portion of the cavity. The anterior 
rim is overfolded, and its inferior continuation into the cavity is 
represented nt most by a small excrescence op})osite the anti- 
tragus. There is no tragus, as in Ailantoxeras, the orifice being 
exposed at the bottom of the deep inter tragal notch. The ear 
is closed by the forward movement of the thicker posterior border 
of the cavity against the anterior, there being no folding of the 
antitragus or upper rim. (Text-fig. 43, F.) 

The structure of the ears in these Ikistly Ground Squirrels is 
not opposed to the view of their affinity witli the African species 
referred to but the differences supply no evidence 

of close affinity. 

In Castor the ear is relatively small, but is as fret* fiom the 
integument of the head as in the typical Scinrida*. Its outer 
surface is flat, and the anterior edge is not overfolded ; it is 
uniformly covered with hair exc(3pt round the cavity, where it is 
naked. The cavity is a small, irregularly triangular space bounded 
above by the supratragus, which is overlapped in front by the 
anterior edge w’hich runs dowinvards and backwanls to the 
orifice lying at the bottom of the cavity and concealed by the 
lower edge of the cavity corresponding to the intertragal notch. 
The posterior border of the cavity forms a convex bulge probably 
representing tlie antitragus, but there is no trace of tragus. 
(Text-fig. 40, C.) 

The characters of the principal types of ears above described 
may be summarised as follows : — 

a. Ear simple, its anterior edge above tlie suprutrngus not over- 

folded Cattor, 

a\ Ear simple or complex, its anterior edge above the supratragus 
overfolded. 

h. Cavity of the ear, when folded, mainly closed by hairy, 
thickened continuation of the overturned anterior rim beneath 
the supratragus, no tragus or awtitragus .. CHtelhtt^ Afamoto. 

* Described by W. L. ficlater as follows : — ^Ear conch completely absent, the ear- 
opening being a narrow diagonal slit half an inch in length. 
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b\ Cavity of the ear, wlieu folded, mainly closed by antitr^us, 
the inferior continuation of the overfolded anterior border 
not forming a bairy thickening within the cavity. 
e. Antitragal thickening set high up near the middle of the 
posterior wall of the cavity ; pinna reduced, 
d. Margin of ear a thickened rim not standing away from the 

head Geosciurug, 

d\ Margin of ear standing away from head dorsally , Xei*U8^ Muxerus^ 

Atlantoxerun, 

o\ Antitragal thickening occupying normal pohition and form* 
ing the postero-inferior wall of the cavity; pinna standing 

well away from head dorsally Typical Sqnirrels, Taming, 

Petauristidse. 

Althougli Castor is isolated at the head of this table, it can 
hardly be claimed that its ears differ more from those of typical 
Squirrels than do the ear.s of Geosciurns. Section c' is roughly 
divisilde into two groups, exemplified respectively by Scivrus and 
its near allies, Tarnias and the Petauristida^, whicli have long 
or compni-atively long ears, and by the tropical African and 
Asiatic gonem FunischirKs, Heliosciurusy Calloscinrus, and 
Eatafay wliere the ears are shorter aiid less tubular at the base. 
But these groups seem to intergi*ade. What the ears of Rhei- 
throsciurvs are like apart from length has yet to he asoertaincd. 

The Feet. 

Tlie feet of the typiail arlyore^il 8([uirrels of the family 
Sciuridso have many characters in common. In the fore foot 
the first digit is reduced to an apparently functionless excrescence 
springing from or imV>edded in the side of the inner carpal pad, 
and caiTying a nail. Of the I'omaiuing digits, the fourth is tlie 
longest, the difference [)etween the fourth ami the fifti» or second 
being considerable. The fourth and the third are more closely 
united at the base than they are to tlie fifth or second respec- 
tively, and the middle line of the artiodactyle foot pfisses between 
them. The <ligital pa<ls and cla\v.s are well developed. The 
plantar pad is always represen te.d by tliree well-defined elements. 
The undersides of the digits and of the sole are typically naked 
— hairy in some northern forms in winter, — and there are two 
well -developed carpal jiads, of which the inner is the larger of 
the two. The tuft of carpal vibri-sam is always present and 
large. 

The digits of the hind foot resemble those of the fore foot 
tolenihly closely in structure and relative leiigths, the fourth 
being the longest; but the first digit is well developed and 
resembles the others, except that it is much the shortest of the 
series. The well-developed plantar pad consists of four lobes. 
The metatarsal area is for the most part naked, the heel alone 
generally being hairy, and is supplied with two pads, an inner, 
which is the larger, and an outer, which, in addition to being 
smaller, is set more forwards. Hometimes one or both of these 
pads is suppressed, in the cose, for instance, of Squirrels, which 
nave hairy feet in the winter, e.g. S, imlgaris. 
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a. Feet of iht Tropical Asiatic Squirrels, 

In Callosciura^ prevosti the claws of the fore foot are short, 
with an abruptly curved, sharp point ; the three main elements 
of the plantar pad are large and elongated, and small accessory 
tubercular pads are sometimes associated with them. The 
outer carpal pad is irregularly corda^te, with a notch in its 
posterior border; it is much shorter than the inner carpal pad, 

Text-figure 45, 



A. Hight fore foot of Callosciurns nofatusi nat. size, 
fi. „ f, Tomcutes vittatus, 

0. ,, hind ,y ff ,, ,, 

I). „ fore „ „ CalloaciuruH prevosti. 

E. „ hind „ „ 

which extends forwards along the side of the foot, so that its 
anterior end overlaps on the pollical side the posterior end of 
the internal lobe of the plantar pad, and its pollical margin, 
evenly convex, conceals from view from the lower side the nail 
of the pollex, which is planted some distance behind the anterior 
end of the j>ad. (Text-fig, 45, D.) 
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The hind foot has claws like those of the fore foot, and the 
four lobes of the plantar pad are similarly large and long, 
especially the internal ; and both the internal and the external 
lobes are provided with a small supplementary lol)e, making the 
entire plantar pad appear to be composed of six lobes, four large 
and two small. The metatarsal pads are also large. Tim internal 
starting close behind the corresponding lobe of the plantar pad 
and extending backwards to within a short distance of the hairy 
heel, occupies about one-third of the naked metatarsal area. 
The external metat/irsal pad, about equal in area to the median 
lobe of the plantar pad, extends obliquely inwards and backwards 
from a point close behind the plantar pad, its f)osterior end over- 
lapping the anterior end of the internal metatarsal pad. (Text- 
hg. 45, E.) 

The feet of Callosciiirus notatm and of Tommties inttatus are 
]>racticiilly alike and agree in nil essential respects with those of 
0. ^yrevosti^ and judging from dried skins Ccdloscinrns fudaysont^ 
C. cHstamoventris, and Tomeuies hippurus have feet of essentially 
the same type. (Text-fig. 45, A, B, C.) 

In Katiifa indica the fore foot has the pads exceedingly large. 
The three plantar pads are in contact with each other and with 
the two carpal jwids. The latter meet posteriorly, and the five 
pads form a continuous lobate cushion surrounding a depressed 
area of soft but cojirsely granular integument. The inner 
carpal, with which the digital pad of the pollex is indistinguish- 
ably fused, is as large as the three lobes of the plantar pad taken 
together. It forms a large projection on the inner side of the 
foot behin<i the second digit, and constitutes a gmsping organ with 
the tips of the four digits, which close obliquely upon it. (Text- 
fig. 46, A.) In the hind foot development of the jmds reaches its 
maximum, as is the case in the fore foot. The four lobes of the 
plantar pad are wide, long, and in contact, and form a continuous 
cushion, with undulating distal margin extending from the inner 
to the outer edge of the foot. The outer metatnx'sal pad, moreover, 
is elongated and in contact at its distal end with the outer lobe 
of the plantar pad ; and the inner metatarsal pad is similarly 
confluent with the inner lobe of the plantar pad, the two together 
forming a long cushion about half the width of the metatarsal 
area, and reaching back to the hairy heel. The soft integument 
of the sole snri'oundod by the plantar and metatarsal pads and 
the outer half of tlie sole as far back as the proximal end of the 
inner metatarsal pad is gianular, the granules being coanser 
distally Ixelund the plantar pad than proximally towards the 
heel, which is covered with hair up to the proximal end of the 
inner metatarsal pad. (Text-fig. 46, B.) 

i?, hicolor and A?, metcrow^ua have feet like those of R, indica^ 
and the claws of the genus Radvifa are short, abruptly curved, 
and sharply pointed like those of Calloadurus, The feet of 
Raiufa^ inde^, may almost be described as an exaggeration 
of the type seen in CaUoacitirus by the expansion and fusion 
of the pads. 
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The feet of the Palm Squirrels {FunamhuUis) are relatively 
longer and thinner than those of Ratufa and CcdloBciurus^ and 
have the pads less well developed. Otherwise they are tolerably 


Text-figure 46. 





A. fore foot of Matufa indica, X 

B. ,, bitid n if It It 

C. „ fore „ ,y Fttnambulut pal marum, much culwgtd, 

1). It hind ff It It I) 


similar to those of Ccdlosciurus^ the inner, or pollical, carpal pad 
being similarly elongated, so that its distal extremity consiaer- 
ably^ overlaps the inner lobe of the plantar pad. In the hind 
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foot the external and internal lobes of the plantar pad are 
often subdivided, but not always, and never to the same 
extent as in C(MoBciuru8\ the inner metatarsal pad is always 
long and rod-like, but the outer in all the specimens examined 
is small, spherical, and approximately on a level with the 


Text-figure 47. 





A. Right for© foot of Mheiihronciurus macrotis. 

B. „ hind „ „ „ „ 

0, „ for© „ „ !Proto;teru8 stansferi, 

B. ,, hind ,, ,, ,, 

(Xbes© fignres dmwn without ineftsuroments from dried skins.) 


distal end of the inner without overlapping it proximally. 
The heel is less hairy than in CaUoeciurm and Batufa, being 
sometimes naked in the middle line, sometimes scantily hairy. 
(Text-fig. 46, 0, D.) 
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Judging from dried skins*, the feet of Rheithrosciurua are 
relatively longer and thinner than those of CaUo8ciuf*ti8, and the 
claws are longer. In the fore foot the three plantar lobes are 
large, the median being well defined from the laterals. Of the 
carpal pads, the outer is the smaller and narrow, and the inner 
has an evenly convex margin and is not elongated and produced 
distally so as to overlap the plantar lobe of the srune side. In 
the hind foot the four lobes of the plantar pad are not so large 
or so closely packed as in Cullosciurus^ and the outer and inner 
are at most imUstinctly subdivided ; the metatarsal area is naked 
to the heel, the outer metatai*sal is considerably sliorter than in 
other Oriental genera examined, and the inner metatarsal is small 
and subspherical as in Funaynhulm and many other genera of 
Squirrels. (Text-fig. 47, A, B.) 

In the structure of the feet Rheithrosciio'us is perhaps more 
like some of the American subgenera of Scmrus than it is like 
other Oriental genera. 

The distinguishing characters of the feet of the Oriental 
Squirrels above described may be tabulated as follows : — 

a. Pads enormous, intemal cariml very prominent on the 
pollical side ; metatarsal pads confluent with plantar pad. 
the internal nearly half the width of the metatarsus . Batufa. 

a*. Pads less developed, internal carpal less or not noticealdy 
prominent on pollical side ; metatarsals not confluent with 
plantar pad. 

b. Internal carpal long, narrowed distally, and ^overlapping 
plantar pad on inner side ; internal metatarsal long, 

c. Feet shorter and stouter, phintar pad of hind foot 
larger, siv-lobed, metatarsals thicker, external pro- 
duced proximally beyond distal end of interna]. Callosciums, Tomentet. 
c\ Feet longer and thinner, pads smaller ; external meta> 
tarsal spherical set beyond distal end of naiTowcd 
internal metatarsal ... Funambulus* 

h' Internal carpal pad apically roundeil, only a little longer 
than external and not reaching plantar pad; internal 
metatarsal relatively short .... JRheitkrosciurut. 

b. Feet of the Tropical A frican SquvTels, 

The two African species, Faniaciurm leiicostigvia and F, cepapi^ 
have feet of a more generalised type than those of the Oriental 
species of RcUufa and Gallosckirm examined, the plantar, carpal, 
and metatarsal pads being less well developed. The plantar pad 
of the fore foot is three-Jobed, of the hind foot four-lobed. The 
inner carpal {)ad is not so elongated distally, and tho outer meta- 
tarsal is comparatively small, subcircular, or elliptical, and is set 
on a level with the anterior end of the long rod-like inner meta- 
tarsal or a little in front of it. Except that the feet are of 
stouter build, they diflfer but little from those of Funambulus 
palmarum^ although in the latter the inner carpal pad is produced 
distally nearly as much as in Calloaeiunis. (Text-fig. 48, 0-P.) 

* It must be remembered, however, that the proportions of the feet vai7 with 
the preservation. In fresh specimens they appear to be plumper and shorter tlian 
those contracted by alcohol, and the latter are, as a rule, Jess ^runk than the feet 
on dried skins. 



OF THE BBAVEE AND OP SOME SQUXRBBLS. 1189 

J udging from dried skins, the feet of F, Uahdla^ the <ype of 
the genus Funisdurvs, resemble tliose of F, leucostigvna and 
cf^papi* 

Protoxervs stangeri also has feet differing in no important 


Text-figure 48. 
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In HdioseiuruB punctcUtu the feet are relatively larger than 
in Fimisciurus Uuoostigma^ the plantar lobes and carpal pads of 
the fore foot are smaller, more angular, and separated ; in the 
hind foot the plantar lobes are also smaller and more spaced, 
the inner metatarsal is much shorter, being oval and well- 
deEned distally but abbreviated and ill-defined proximally ; the 
inner metataiml is like it but smaller *. (Text-fig. 48, A, B.) 

The species belonging to the three African genera above 
discussed may be distinguished as follows by their feet : — 

a* Inner metatarsal pad very short, lob(^ of plantar pads and 

carpal pads relatively small and separated H. pmietatuB* 

a\ Inner metatarsal pad a long, stout ridge ; lobes of plantar pads 
and carpal pads larger and closer together. 
a^. Outer metatarsal pad elongate, more than half the length of 

the inner P. ttangeH, 

6*. Outer metatarsal pad small, oval or spherical P. leucostigma^ cepapi. 

In a general sense the hind feet of Funlsciurus do not differ 
in any very important respect from those of Funamhulus ; but 
all the African species examined differ from all the Oriental 
species in not having the same elongation of the inner carpal 
pad. In the length of the outer metatarsal P. stangeri approaches 
RcAufa and Calloscivrua. 

Funiaciurus leucostigina and cepapi^ on the one hatid, and Proto- 
xe.ru8 sta/n-geri^ on the other, were regarded by Foisyth Major as 
representing respectively two subgenera of Xerus. By their 
feet, however, they are typical arboreal Squirrels, differing in 
no essential particulars, so far as those organs are concerned, 
from such tropical American species as Sciurua {Fchinoaciurua) 
hgpopyrrhua. 


c. Feet of the European and American Squirrels* 

In the tropical American Squirrels, referred to a large number 
of subgenera of Sciurua, the soles of the feet are naked as in the 
tropical Asiatic and African forms, the heel being generally 
hairy although sometimes naked down the middle line, as in 
an example of Sciurua aaltuenaia hondce that died early in October. 
The lobes of the plantar pads are well developed, the two car|>al 
pads are subequal in size, the inner not projecting appreciably 
beyond the outer as it does in the tropical Asiatic forms. The 
twometatarsal pads are retained, the inner being thick, elongated, 
and curve<l, the outer smaller, ovate, and situat^ in front of the 
anterior end of the inner. The claws are longer than in the 
tropical African and Asiatic forms. The feet of S. (Echino- 
aciurua) kypopyrrhua resemble those described above, and their 
soles are naked in mid-winter. (Text-fig. 49, D.) 

The feet of the Squirrels of the northern parts of America are, 
generally speaking, similar to those of the warmer latitudes, with 
this difference, that the soles undergo a seasonal change in the 

• For a tabulation of the genera of African Sciuridie, based mainly on skulls and 
teeth, see Thomas’s paper (Ann. A Mag. Nat. Hist. (8) iii. pp. 4(J7-*476, 1608). 
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matter of hair growth, accompanied in some cases by the suppres- 
sion of one or both of the metatarsal pads. 

In the North American Grey Squirrel (S» {Neosciurus) cwro- 
lineneis) the outer metatarsal pad is sometimes absent. When 


Text-figure 49. 



A. Right hind foot of 8ciuru» carotinensUtf with oxternal metatarsal pad 

absent, in snmmet pelage (from dried skin). 

B. Right fore foot of the same, in winter pelage. 

0. „ hind foot of the same, in winter pelage, the external metatarsal 

retained. 

D. Right hind foot of N. hypopyrrh^if or closely related species, in mid* 
winter pelage. 

retained it is a hemispherical tubercle set far forwards in front 
of the inner, which is iiregularly ovate and shorter than in 

79 * 
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the tropical species. An example examined in September 
had the sole of the hind foot naked except the heel, which was 
liairy, whereas one that died in the middle of December had the 
sole covered with hair as far down as the outer metatarsal pad* 


Text-figure 50. 



A. fore foot of Sciurus vulgarin, mid-winter. 

H. hind y, if fy t| H yy 

C. „ fore „ „i},niger rufiventer, „ ,, 

I). •! hind yy yt yy )f 

(Cy I) from dried skin.) 

The fore foot in the two specimens was quite naked l^eneath 
at both dates. Again, in a skin of a specimen of the North 
American Fox Squirrel S. {Parasdurus) nigtr rufiventer, which 
died at the beginning of December, all trace of tiie outer meta- 
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taiml pud has disappeaied, although the inner is somewhat 
larger and more elongated than in /S', carolinemu^ and the whole 
of the under side of the foot, including fche digits, is covered 
thickly with hair, apart from this pad, the well-developed four- 
lol>ed plantar pad, and the digital pads. The latter are pointed 
at their proximal ends. The fore foot is similarly hairy, there 
being a distinct patch on the median area in front of the carpal 
pads and defined by the three elongated contiguous lobes of the 
plantar pad. I am not aware whether the soles of the feet in 
this species are naked in the summer or not ; but analogy justifies 
the belief in this being so. (Text-figs. 49, A-G ; 50, G, D.) 

In Sciurtia xmlgaria * and its subspecies the lower sides of the 
feet in summer are as naked as in tropical species, exce}>t that 
perhaps a ha'ger area of the heel is hairy. The inner metatarsal 
pad is couipamtively short and sot some distance behind the 
plantar pa,<l ; the outer is quite small and soiiio distance in front 
of t.lie anterior end of the inner. But in winter the soles and 
lower sides of the digits are overgrown with hair whicli is more 
abundant on the hind than the front foot. ]n the hind foot it 
obliterates the metatarsal pads and passes between the lobes 
of the plantar pads. In both feet at this season tlie digital pads 
are reduced to long, narrow, pOhteriorly-pt>inted lobes, (lext- 
fig, 50, A, B.) 

In the North American Red Squirrel, ^S'. [Tamimeiurus) 
hwlsonicuH^ I can find no trace of eitlier of the metiitaisal pads. 
According to 0. B. Goryt the soles of the feet arc “furred in 
the winter.” From this statement I should infer that they are 
nuked in the summer, were it not that a skin in the Zoological 
Hociety s collection in summer pelage, with untufted ears and 
black lateral stripe, has the metatarsus covered w ith hair almost 
down to the plantar pads, whereas the area round the plan. tar 
pads and the under sides of the digits are naked. The fore foot 
also is as nake<l ns in tropical species of Squirrels. On the 
other hand, in the skin of a si)ecimen that died on January 7th 
in winter pelage, with tufted cars and no lateral stri})e, both 
fore and hind feet arc covered with hairs beneath, as in the 
specimen of the Fox Squirrel described, only the digital, plantar, 
and carpal pads being naked. But wdiether the w^hole of the 
metatarsal areii in the American Red Squirrel is mesially naked 
back to the heel in summer as in the European Squirrel, 
S, vnlgaruy I do not know. (Text-fig. 51, A, B.) 

d. Feet of the Chipping Squirrels (Tamias). 

The feet of the Chipmunk, Eutamias quadrivittatm, do not 
differ materially from those of the typical Squirrels, except that 
the third and fourth digits are very nearly equal, the fourth at 

* The feet, in eumixier and winter pelade, of the Britieb representative 
(iS, Uucourwi) of the speciea are figured and described by Barrett-Hauiilton and 
Hinton (* A History of nritieb Mammals,* pt. xxi. p. pi. xxxvii.). 

t * The Mammals of llHnois and Wisconsin,' 1912, p. 128. 
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most exceeding the third very slightly. Nevertheless, the tip 
of the fourth extends beyond that of the second botli in the fore 
and the hind foot. The feet are narrow and long, and the lobes 
of the plantar pads are not in contact, though well developed. 
The inner lobe of the carpal pad has a rounded distal border 


Text-figure 51. 



A. Kighfc fore foot of 8, hndtonicnsy in summer pelade (from dried skin). 

B. hind ,, „ same specimen. 

C. „ fore „ f, IBktiamiaa quadrivittatua, 

D. ,, hind ,, ,, yt n 

(A, B a little enlarged ; C, 1> much enlarged.) 

and is not produced beyond the margin of the smaller outer pad, 
and the small pollex projects a little in front of it, which is not 
the case in the typical Squirrels, where the pollex rises from 
the outer surface of the inner carpal. The under sides of the 
digits and the area round the plantar lobes are naked in both 
fore and hind foot; but in the hind foot the whole of the meta- 
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tarsal area is oovored ivitk hair down to the plantar pad, and 
there is no trace of tnetaiarsal pads as in S» (Tcmiodciurus) 
hudsonicm. (Text-fig. 51, C, D.) 

This description of the feet of Eutamms^ based upon a single 
individual, must not be taken as applying to all the species of 
Tamms, In some dried skins of this genus in the Natural 
History Museum, the digits appear to resemble those of CiteUus 
rather than of Soiurus and its allies in relative lengths ; and the 
metatarsal area is not so extensively haired as in the specimen 
of Eutamias described. 


e* Feet of the Bristly Grownd Squirrels (Xerus, etc,). 

The feet of the African Ground Squirrels, AUa/ntoxerus getulus^ 
Xerus rutilus^ Euxerus erythropuSj and Geosduints capensis differ 
from those of the arboreal species hitherto described in having 
the third digit the longest and the foimth only a little longer 
than the second, so that the feet approach the perissodactyle 
type ; the pollex is not suppressed to quite the same extent, but 
stands away as a distinct excrescence from the antero-extemal 
edge of the adjoining inner carpal pad, and this is not appre- 
ciably produced distally beyond the outer carpal ; the metatarsal 
area is naked to the heel, and its pads are either absent or poorly 
developed. 

In Atlantoxerus getulus the feet are long and slender and the 
digits more nearly approach those of the arboreal Squirrels in 
length, the third only slightly exceeding the fourth, which, in 
the fore foot, is decidedly longer than the second. The lobes of 
the plantar pads are large, well developed, the hallucal lobe on the 
hind foot being nearly as large as the others individually ; the 
carpal pads also are comparatively large, and the metatarsal pads 
are at all events sometimes distinguishable, although small and 
oval. (Text-fig. 52, A, B.) 

In Euxerus erythropus the fore foot is bioader and shorter, 
with respect both to the digits and sole, than in Atlantoxerus ; 
the plantar ami carpal pads are relatively smaller and the claws 
are longer. The pollex is small but subcylindrical with a small 
pad remote from the carpal. In the hind foot, too, the claws are 
longer than in Atlantoxerus^ the lobes of the plantar pad are 
considerably smaller, especially the outer and inner, the latter 
being a small subcircular tubercle at the base of the hallux, only 
about one-fourth the size of the median lobe : and there is no 
trace of metatarsal pads*'^. (Text-fig. 63, A, B.) 

In Geosciurus capensis the feet are moi’e i*obu8t and more 
fossorial in character than in E, erythropus. In the fore foot the 
three lobes of the plantar pad are well developed but shorter 

• X. ruiilut it known to mo only from a dried akin. On this the plantar lobes 
appear to be somewhat larger relatively than in S, erjfthropui ; but there it no 
tr^ of metatarsal pads, and the hidlncal lobe of the plantar pad is small and 
isolated. 
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tban in AUmtoxerus and in contact, and the pad of the pollex 
projects as a large lobe jutting out from the side of the 
adjoining carpal pad* In the hind foot the three main lobes of 
the plantar pad are also well developed, lai'ger than in Suxertis 
er^thropus but shorter than in Atlantoxervs getulm ; but 


Text-figure 52. 



A. Bight fore foot of Atlanioxeme ffetulua, mnch enlarged. 

B. „ hind „ „ same. 

C. „ fore „ „ Marmota marmota, X 

D. „ hind „ „ same. 


the hallucat lobe is quite small, subcircular and isolated as in 
EnxeruB erythropius; and as in the latter there is no trace of 
metatarsal pads, and the claws of all the digits are long and 
strong. 
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The feet of the Xerine Squirrels above described differ as 


follows : — 

a. Feet tbinner ; inner lobe of plantar pad of hind foot large, the 

metataraal pads retained but poorly defined Ailantoxerus. 

a\ Feet stouter; inner lobe of plantar pad of hind foot very 
•mall, metatarsal pads absent. 

d. Plantar pads smaller, pollex a relatively small subcylindrical 

excrescence EuxeruB, 

h\ Plantar pads larger, pollex a conspicuous subcircular ex- 
crescence OeoBciurve. 


The feet of Xerua^ typified by rutilus, fall under heading a of 
this table. 


Text-figure 53. 



P. 


A. Uight fore foot of Euxervs erythroptts, X Ji- 

B. hind ,> .. „ „ 

0. ,, fore „ ,. Geo$ciuift$ eapM$is. 

D. „ hind „ „ » 
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/. Feel of the Somliks and Marmots, 

A second group of Ground Scjuirrels represented by the 
Sousliks ( CiteUus) and the Marmots {Gynomys^ Marmota) have 
feet like those of Xorus and its allies in that the third digit is 
the longest, and the second and fourth digits not so unequal, as in 
the arboreal Squirrels, and the claws longer, stouter, and less 
curved. The three genera in question, however, have very 
different feet. 

The fore foot of CiteUus {Otospennophilits) hsechsyi*^ judging 
from a dried skin, is shorter and broader than that of the 
typical squiri’els, and is naked below. The fourth digit is 
decidedly but not much longer than the second. The three lobes 
of the plantar pad and the two carpal pads are well developed, and 
the pollex is represented by a conspicuous nail attached to the 
outer side of the inner carpal pad in front. In the hind foot the 
second, third, and fourth digits are nearly equal, the third only 
slightly surpassing the others, which are subequal ; the fifth 
reaches beyond the middle of the fourth; the plantar pad is 
represented by four well-developed contiguous lobes, the inner 
and outer of which are set rather far back, the greater part of 
each lying behind the other two. There is no trace of metatarsal 
pads, the whole area being covered with hair from the heel to the 
plantar pad. (Text-fig. 54, A, C.) 

Judging from Miller’s description of the European 8i)ecie8 
Ciiellm citellus^ the feet of that species agree tolerably closely 
with those of Q, heecheyi. He says, however, that in the fore 
foot the second and fourth digits are subequal, «nd that the fifth 
extends only a little beyond the base of the fourth. This does 
not apply to C, heecheyi. Similarly, he states that in the hind 
foot of 6\ citelhis the fifth digit extends just beyond the base of 
the fourth, and the hallux not quite to the base of the second 
digit. This is not true of 0, heecheyi. But the apparent differ- 
ences between the two species in the particulars mentioned are 
interesting, if true, because in the relative length of the digits the 
typical European species seems to approach the genus Cynomys^, 

In Gynomys the fore foot is long and robust, almost os large 
indeed as the hind foot. The digits are thick and the claws long. 
The second digit is a little longer than the fourth, and the fifth 
reaches a little beyond the base of the fourth. The inner and 
outer lobes of the plantar pad are sm^ll, and together hardly 
equal the size of the wide median lobe. The outer carjml pad is 
large and the inner is mther prominent internally, and gives 
support to the claw of the pollex, which is as long as that of the 
second digit. The entire sole is naked. In the hind foot the 
second, third, and fourth digits are subequal, the third only very 
slightly sui*passing the others, as in CUellus, The fifth is set 
almost as far back as the hallux and is only a little longer, 

* A Californian species. 

t For a possible explanation of these discrepancies, see note, p. XdOS. 
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surpassing by a little the base of the fourth. The claws on these 
digits are shorter than on those of the fore foot. There are four 
well-developed separated lobes constituting the plantar pad, and 
their arrangement is quadrate, the outer and inner lying behind 


Text-figure 54. 



A. Bight fore foot of CiUUut (Otoapermophilm) heeehepi, from 

dried ikin. 

B. tt „ t, 0ynm»p9 Iwiovieianitt, X i. 

C. „ hind ,t n Cit 0 UH$ {0to»p9rmophilu$) heeeheyi^ from 

dried skin, 

D. „ t, „ „ Cjfnomy9 htdovioianuB, X i. 

the others — an arrangement foreshadowed in CiteUm, There 
are no metatarsal pads, the sole being naked except for a band 
of hair passing from the inner side of the heel forwards along the 
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middle of the metatarsal surface nearly or (|uite up to the level 
of the halliical lobe. (Text-fig. 54, B, D.) 

Tiie feet of Marmota marmota are relatively more robust and 
somewhat shorter in the digits than those of Cynomys, In the 
fore foot tlie three lobes of the plantar pad are relatively larger, 
occupying practically the entire width of the foot. The carpal 
pads also are larger, but the inner does not project laterally in 
the same way and has no trace of the pollex. Similarly, in the 
hind foot the plantar lobes are massive and do not exhibit that 

S Liadrate arrangement seen in Cynomys and Oiiellus. Behind 
le outer lobe of the plantar pad there is a hemispherical external 
metatarsal, and behind the innei* plantar a short internal meta- 
tarsal with ill-defined pasterior border. (Text-fig. 52, C, D.) 

A peculiarity of the feet of this species of Marmota is the 
complete absence of the pollex. IVliller noted this in twenty 
skins, Tullborg’s figure showed the same tiling, and 1 have not 
succeeded in finding a trace of tliis iligit in some half-a-dozen 
examples I have seen. On the other hand, Millei* records the 
presence of the pollex with a flattened nail in J/. hohaky the other 
European species. The presence of a rudimentary thumb is 
cited by Blanford in his generic diagnosis of himalayana^ 
hodgsoni, and cavdatUy and American writers testify to its 
retention in monax and other N. Ain(*ricnn species. 

By the structure of the feet the Marinotine genera may be 
arranged as follows : — 

a. Feet very powerful ; lobes of plantar pads and carpal pads 
large, metatarsal pads retained. 

h, Pollex 8uppre>sed ... Marmota. 

h'. Pollex retained Marmotopft^ nov. 

a'. Feet at most moderately powerful; lobes of plantar pads 
and carpal pads smaller, no metatarsal pads. 
c. Feet com|)arativ(dy stout, inner carpal pad projecting, a 

long claw on pollex Cynomyg. 

c'. Feet comparatively slender; inner carpal pad normal; 

pollex «itli nail .. CiteUm. 

g. Feet of the Flying Squin*els (Petauristida*). 

Apart from the cartilaginous rod supporting the patagium and 
jointed to tlie wrist just behind tlie outer carpal pad, the for<» 
feet of the Petauristida' closely resemble those of the typical 
arboreal squirrels. In Petanrista alhirenter (rnagnijicus)f the 
claws are long and strongly curved. The digits also are long and 
markedly unerfual in length, the fourth being considerably longer 
than the third and fifth, which are suhequal and surpass the 
second. On the specimen examined there is pi*actically no 
external trace of pollex and none of the nail. The three lobes 
of the plantar pad and the carpal pads are large and striate all 
over. (Text-fig. 55, A.) 

♦ Type, JbT. monax. 

t For the specific names here used for Petaurigta (olim Pterom^$\ see Wrottgbton, 
Jonrn. Bombay Nat. Hist. Soc. xx. p. 10X2, 1011. 
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On the hind foot the claws are similar, but the digits are 
shorter, the second, third, fourth, and fifth appearing to be nearly 


Text-figure 55. 



A. Right fore foot of VHanri$ta albivcnfer, from dried skin. 

B* ft hind „ ff ft r* »> tt f* 

C, „ fore „ „ JSoglanoomjfs fimbriahtSf showing the 

patagiftl rod. X 

D. „ hind „ „ same. 

equal, although in reality the fourth is a little longer than the 
third, which is about equal to the fifth and slightly longer than 
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the second. The four lobes of the plantar pad are large, the 
outer and inner being larger than the others. The inner meta- 
tarsal pad is well developed, and extends as in Ratafa along the 
inner side of the metatarsal area, being in contact with the 
plantar pad distally. A large area of the heel is covered with 
hair, and on the outer side of the foot the hair overgrows the 
sole up to a line continuous with the proximal extremity of the 


Text-figure 56. 



B D 


A. Right fore foot of Glcmeomys volant^ summer pelage. 



M hmd ,, „ 

n 

»» » >» 

C. 

1 , for© ,, ,, 


8trami»euif winter pelage. 

D. 

w hind ,, ,, 


!• ft ft 


large, long, outer plantar lobe, so that the area of naked skin 
on the axlmedian side of the metatarsal pad is narrow. (Text- 

fig. 65, B.) 

Blanford described the hind foot of this species, under the 
name Fteromya magnifies, as similar to that of P. inomatuSy 
saying of the latter : The large metatarsal pad joins the inner 
toe 1 ^, ... No supplementary pad/' This agrees with my 
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observations ; but from the size and length of the outer lobe of 
the plantar pad I suspect the outer metatarsal pad, referied to 
by Blanford as the supplementary pad, is retained and fused with 
it. According to Blanford the feet of P, yuniimtensis are like 
those of alhiventer but larger, whereas in P, philippensis {oral) 
there is a large piriform inner and a small outer metatarsal pad, 
and P, caniceps seems to resemble so far as the inner 

pad is concerned, although Blanford makes no mention of the 
presence of an outer pad. 

In Eoglauco7)it/s Jlmbriatm the fore foot does not differ 
materially from that of Peiavrista alhiventer except that there is 
a distinct {>ol)ical excrescence with a nail, as in the typical 
Sciuridae, and the plantar and carpal pads cany coarser ridges 
not distributed all over them but limited to the highest poition 
of the ])ads. In some cases there is a little isolated tubercle on 
the outer side of the external lobe; in other cases this is confluent 
with the lobe, increasing its width. The hind foot is also toleraVdy 
similar to that of P, (dbiventer ; the aeulpturing of the pads, 
however, differs fis in the fore foot and the inner metatarsal pad, 
about twice as long ns wide, is set at the proximal end of the 
naked metatarsal area remote from the hallucal lobe of the 
plantar pad. In this species also, as noticed by Blanford, there 
is a small circular outer metatarsal pad behind and close to the 
outer lol>e of the plantar pad. If this were enlarged and con- 
fluent with the plantar pad, the outer lobe of the latter would 
resemble tolerably closely that of Petanrista alhiventer, (Text- 
fig. 65, C, D.) 

None of the other Indian species assigned by Blanford to 
Seiuropterue^ retains the outer metatarsal pad. S, (Hylopeiea) 
alboniger has the inner metatarsal pad oval ; in S, {Peiinmnys) 
fuscocapillus it is very elongate; in Belomys pearaonii it is 
oval. 

In the North American species, Glauoomya volansy the fore foot 
structurally resembles tolerably closely that of the Himalayan 
Eoglaucomya fimhriaim. In a spirit specimen of unrecorded date 
the underside of the digits and of the entire sole of the foot is 
naked, whereas in a specimen of G, atraminemy which died in 
December, these surfaces are covered with hair, the pads, which 
appear to be smaller, alone being naked. The hind foot, how-- 
ever, diflfers in two correlated characters from that of Eoglaucomya 
fimhriatua\ there is no trace of metatai-sal pads, and the metabirsal 
area is covered thickly with hair from the heel almost to the 
plantar pad. In the example of G, volans, with the naked sole 
to the fore foot, the undersides of the digits of the hind foot and 
the area round the plantar pad are likewise naked, whereas in 
the specimen of G, atrammeuay with hairy soled fore foot, the 
lower sides of the digits and the area round the plantar pad are 

* For the generic and subgonertc namee here used for these species, see Thomas, 
Atm. a Mag. Nat. Hist. (8) i. pp. 1-8, 1908. 



1204 MR. B, I. POOOaK ON TAB EXTERNAL OHABAGTEBS 


ha,ivy^ like the rest of the sole, and the claws are almost concealed. 
It is probable that the difference between these two closely related 
forms in the matter of the hairiness of the soles of the feet is a 
seasonal difference comparable to that of Sciurm vulgaris and of 
8^ {Tamiaaciurm) hudaonicm, (Text-fig. 50.) 

J udging from Miller’s description, the feet of S, rmais/us^ the 
type of the genus Sciuroptertis, closely resemble those of the 
North American species. It might have been taken indeed 
from the specimen referred to above as S. ((r.) siramiiima^ the 
soles of the fore foot being thinly haired between the pads, 
whereas those of the hind foot are covered with a ** dense growth 


Text-figure 57. 



A. Claw of Funisciurus leueostigina ; B. Funisciurug ccpapi ; C. Jlatufa 
indica; 1). Futamiag quadriviitatiis; E, Soiuru» findernicus ; Seinrus 
vulgaris; Q. Petaurista alhiventer ; H. Citellus heccheyi ; I. Xsrus 
rutiJus. 

of long woolly hairs especially conspicuous along the inner * side, 
and adding much to apparent width of foot.” Miller had only 
three specimens of this species for examination, and in the 
absence of information as to the dates of their capture, it is not 
possible to guess whether there is a seasonal change in the 
hairiness of the soles of the feet or not. 

To draw attention to the facts here recorded in the hope that 
they may be amplified and, if necessary, corrected by other 

• For ** inner here I’ead “ outer,” the error below referred to under Castor of eon- 
fusion between the inner and outer sides of the feet being repeated. The inner side 
of the foot as generally understood it the^ tide on which the hallux, or first digit, 
rises, whereas the fringe of hairs on the hind foot of the Petauristidse is always on 

the side of the fifth digit, i, the outer. 
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workers with more and better matenal, I subjoin the following 


table : — 

a. HeUtarBal ares hairy, without pade Scvuropterw, 

a\ Motatareal area partially naked with the inner pad 
at least retained. 

b. Inner metatarsal pad coiiflaent with plantar pad ; 

pollex practically sappresaed, without nail Fetaurista albUftnter, 

5Mnner metatarsal pad distinct from plantar pad; 
pollex as in typical Sciuridse. 

0 . Outer metatarsal pad retained JSoglaueomyiJimbriatus, 

c\ Outer metatarsal pad lost. 

d. Inner metatarsal pad elongate Fetinomya fmcoeapillui* 

d'. Inner metatarsal pad oval Belomys p«ar$oni, Hylo- 

petes alhoniger. 


A. Feet of the Beaver (Castor). 

Apart from minor differences, the fore foot of Castor fiber 
differs from that of the Seiuridse and Petauristidm in two 
important points, the presence of a well-developed pollex and the 
indistinctness of the lobes of the plantar pad. The digits are 
short, with roughened but not well-defined digital pads; the 
third is the longest, a little exceeding the fourth, the second and 
fifth being shorter, and the first, or pollex, the shortest of all. 
All are armed with long, wide, blunt, slightly curved claws, that 
of the pollex being a little narrower, sharper, and moi'e curved 
than the rest. The plantar area is granularly reticulated, and 
the lol:)es of the plante.r pads are obscurely represented by mobile 
folds of thickened granular skin, hardly alike in any two 
specimens or even on the two feet of an individuaU Only some- 
times are the thickenings arranged so as to indicate the three 
main plantar lobes present in all the Sciuridae. Behind the 
plantar area there are two well-developed elongated carpal pads. 
The inner at the base of the pollex is the smaller, and is hard, 
smooth, and grooved except at its distal end. The outer pad is 
much longer and wider, and extends considerably further up the 
wrist proxiraally. The comparatively wide space between these 
pads is occupied by thickened granular skin, which on the 
admedian side of the inner cai’pal jmd, and a little in front of it, 
forms sometimes a lobate thicxening, which may represent the 
inner or pollical element of the plantar pad, which should be 
present with a well-developed pollex, but which is absent in all 
the Sciuridm, where the pollex is little more than a vestigial 
remnant. There is a rim of naked skin behind these carpal pads ; 
but on the inner side of the wrist the hairs are directed obliquely 
towards the middle line, in a crest overlapping the p^terior 
portions of the pads. There are no carpal vibrissas, which ai'e 
present in all Sciuridss. (Text-fig. 68, A.) 

The hind foot greatly surpasses the fore foot in sise, far more 
so than in any member of the Sciuridae. This is mainly due to 

PROC. ZooL. SOO.--1922, No. LXXX. 80 
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the immense length of the digits, especially of the first and fifth, 
which, relatively to the other digits, are much longer than in the 
Squirrels, and give a wide span to the foot. The third and 
fourth digits are subequal, the fifth is not very much shorter 
than the fourth and is about equal to the second, and the 
elongated hallux extends beyond the middle of the second. They 
are all connected by wide webbing, which extends to the apex of 


Text-figure 58. 



A. Right fore foot of Cawtor fiber, X 

B. „ hind „ „ ,, „ 

C. Apex of second and third digits of the same, showing the sup- 

plementary claw (a) beneath the main claw on the second. 

the digital pads or nearly so. These pads are represented by 
areas of granular skin, and on the first and second digits they 
form movable lobes, whereas on the third, fourth, and fifth they 
are less prominent and not separately movable. A well-known 
peculiarity is the presence of a secondary false claw beneath 
the normal claw of the second digit, constituting with it a fur- 
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comb, anil the claws of the first and second are sharper and more 
curved tfian those of the others. The greater part of the lower 
side of the digits and of the webs is naked, but the proximal ends 
of the digits anil of the webs is thickly granular like the rest of 
the sole back to the heel. The greater part of the metatarsal 
area iwS covered with a big pad extending on the outer side almost 
as far as the base of the fifth digit, and on the inner side about 
halfway between the heel and the hallux, where its edge turns 
obliquely across the sole to meet the outer edge in a widely- 
rounded curve. Tiiis pad is widest across its middle, giudually 
and slightly narrowed behind and gr*eatly narrowed in front. 
Between it ami the base of the hallux, anil separdted from it by 
a narrower or wider furrow, lies a second much smaller pad, the 
outer edge of which forms the margin of the metatarsal area in 
front of the inner portion of the larger pad. The distal third of 
the smaller pad is at the base of the hallux. In front of these 
pads the skin is folded and grooved, but shows no definite trace 
of plantar pads. It is difficult to homologize the two pads above 
described with the pads on the sole of the hind foot in the 
Sciuriihe. Tentatively 1 iidopt the hypothesis that the smaller 
inner [i.nl repriMents tlie inner or hallucal element of the plantar 
^lad, which is often large in the Hciuridie, and that the larger pad 
represents the two normal metatarsal pads fused to,.*ether and 
blended with the rest of the integument. The disappearance of 
the main elements of the plauW pads in Cctsior is in keeping 
with their partial or complete suppression in other fully web- 
footed aquatic forms like the Ooypu and some others ; and the 
retention of the patls on the metatarsus is to be explained bv 
the beaver's habit of walking on its heels when carrying objects 
on lainl. Whether the above suggested explanation be true or 
not, it is evident that in the structure of its fore and hind 
feet the Beaver differs greatly from the Squirrels. (Text- 
fig. 7)8, B, C.) 

My description of the feet was taken from the European 
species, Caslor Jibm\ The American species has similar 
feet. 

Miller’s description of the feet of the European species diffex’s 
materially from mine. The fore foot, according to him, has five 
}>al!nar tubercles, “ the thi-ee at bfxses of median digits large, 
ill-defined, that at base of thumb not so large as the othei’s but 
better defined, its outer surface tending to become smooth and 
horny, the posterior pad largest, covering about one-third of 
entire palmar surface.” It seems clear from this that the inner 
of the three above-mentioned tubeixjles at the base of the pollex 
is the horny grooved pad I identify as the inner carpal pad. If 
Miller’s interpretation is correct, this is the pollical or inner 
clement of the plantar pad. His posterior pad ” must be the 
large pad 1 describe as the outer carpal pad. 

In his desciiptioa of the hind foot it is evident Miller has made 


80 
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the mist^ike of confusing the first with the fifth digits, for he 
speaks of the double claw as being on the fourth, whereas it is 
well known to be on the second digit This makes his descrip- 
tion of the proportionate lengths of the digits (and the sizes of 
their claws) different from mine. Of the pads he says : — “ Three 
elongate ill-defined pads at base of median digits, a larger and 
better-defined tubercle behind base of hallux [=s fifth digit]; 
entire sole between hallucal tubercle and heel thickened and 
pad-like.’ 

The characters of the principal types of feet in the Sciuromorpha 
may be tabulated as follows : — 

a. Fore foot with welUdevelopod pollex, lobts of plantar pads 
reduced to folds of flexible integument, cat pal pads very large, 
no carpal vibrissie; hind feet with all the digits very long, 
widely separal)le and united by webs up to the digital pads ; 
lobes of plantar pad mostly obsolete, greater part of meta- 
tarsal area covered by one large pad CastoHda, 

a\ Fore foot with pollex reduced to a mere excrescence or absent ; 
lobes of plantar pads w^ell developed, and as prominent ns 
carpal pads, carpal vibrissoe always present ; bind foot with 
shorter digits, free from webs; plantar piui well developed; 
metatarsus typically with two pads, a longer inner and a 
smaller outer, both sometimes suppressed 
h. A carpal rod supporting patagium, digits ns in arboreal 

Sciuridte Tetavristidxt. 

h\ No carpal rod. 

c, ^Fourth digit the longest, much longer than the 

second Scinrida (ni boreal ) . 

o'. Third digit the longest, fourth not much longer than 

second Snuridee (terrestrial ). 


The Anus and External Genitalia. 

In the SciuridPB and Petauristida? the anus and external 
genitalia are normally separated. In the male the prepuce t is 
prominent and situated some distance in advance of the anus, 
being mostly Jong and pendulous and even retro verte<l, when at 
rest, in the arboreal Squirrels, the Bristly-Ground Squirrels, and 
the Flying Squirrels, but shorter in the Marmots. Between it 
and the anus there is in the Squirrels a very large scrotum in 
the breeding season, but 1 have not been able to verify this in 
the case of the Marmots. In the female the vulva is a semi- 
circular or pointed process, situated a little below the anus, and 
the clitoris is conceale<l within the labia. The anus has the two 
normal glands in the Squirrels, whereas in the Marmots there is 
an additional median gland. (Text-fig. 59, A, B, C.) 

The anus and external genitalia in Oastoridte differ profoundly 
from those of the Sciuridie and Petauristidse. 

Externally the male and female are alike, owing to the 
orifices of the alimentary canal and of the gen ito- urinary organs 

* This error no doubt arose from tbe Ifwbion now in vo^ue of twisting tbo bind 
feet in made-up skins so that tbe hallux lies on the outer side of the toot so plaoed. 
t The structure of the penis and h&eulim 1 must leave for another paper, 
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discharging into a common chamber or cloaca, the aperttire of 
which, closed by a sphincter muscle, is placed at the base of the 
thick hairy portion of the tail. In the male, moreover, there 
is no scrotum, the testes being inguinal in position, that is to say, 
beneath the integument covering the pubic portion of the pelvis. 
(Text-fig. 59, D.) 

Text-figure 59. 



C. P. 


A, Anal and grcnital region of male of Calhtnciuru» premsti^ from below. 

B, The same of Gfoseiunts c<>ipeN9i«t from the side. 

C. „ „ „ female Cpnomps ludovichtnns. 

D. „ „ „ male ov female Castorjiher. 

«, anua ; sc, scrotum ; p, prepuce ; v, vulva ; c?, orifice of cloaca in Castor, 

When the cloaca of the male is opened, four orifices, two 
median and one on each side, are seen to open into it. The 
posterior and larger median orifice is the anus, the anterior and 
smaller median orifice is the common aperture of the penis and 
the castorium glands. The paii*ed orifices, one on each side and 
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feiHote from the anus, are the apertures of the anal glan<l&. 
Eac?li of the apertures of the annl glands leads into a deep 
narrow poucl), at the bottom of which are three papillie, each 
tippe<l with a long hair. This pouch can be evaginated, so that 
the gland comes to the surface, and the strong-smelling secretion 


Text-figure 60. 



D 


A . Diagriimmatic dioKection of the aimH and genitalia of male Cantor canadennis, 

B. The same of the female. 

C. The cloaca of the male, opened. 

I). „ „ „ „ female „ 

E. One of the anal glands, showing the tip with lU papillfe and setie within 
the pouch. 

t, testis ; pubic siittire ; }>, peiii* ; <?, castorium glands with orifices on 
each side of preputial orifice in male and above vaginal orifice in female ; 

Vf vaginal orifice ; ag^ anal gland ; o, orific<.* of anal gland ; a, anus ; si, 
slit through which secretion of caatoriwin glands is discharged into cloaca 
in female. 

is discharged at the ti[>s of the papilla?. Normally the penis is 
completely retracted, but it is cajmble of being protruded through 
the orifice above mentioned into the cloaca and thence to the 
exterior. Through this orifice the secretion of the castorium 
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glands is also discharged. These are represented by a paii* of 
immense sacs, with puckered walls, one lying on each side. 
They are filled with fluid ; and the aperture of each sac opens 
close to the median aperture of the penis, the three apertures 
lying close together just within the common orifice above 
mentioned. (Text-fig. 60, A, 0, E.) 

The arrangement is very similar in the female, in which the 
anal and castoriuin glands appear to be as well developed as in 
the male. The chief difference is that the orifice of the vagina 
opens separately into the cloaca. Just in front of it there is a 
transverse slit in the wail of the cloaca, and when this is opened 
the apertures of the castorium glands may be seen on each side 
of it, just in front of that of the vagina. (Text- fig. 60, B, D.) 

To suin up, the Oostorida^ differ from the Sciuridee, so far as 
the organs just described are concerned, in the following parti- 
culars: — (1) In both sexes the anus and genitalia open into a 
common chamber or cloaca with a single external orifice. 
(2) The aunl glands are of greiit size and open apart from the 
anus. (3) There is a pair of large castorium glands opening 
close to the generative orifice. (4) In the male there is no 
scrotum; the penis is straight and is protruded close to the 
anus. 

In view of these well-known and profound differences, it is 
singular that in the current text- books the CastoridsB are 
separated from the Sciuridie merely by such comparatively 
trivial differences as are presented by the skull and teeth, the 
webbed hind feet and broad tail being added as of secondary 
value, and no mention whatever being made of the genitalia 
and anus. The difference between the Beavers and ^^uirrels 
in the anus and external genitalia may be summarized as 
follows* : — 

a, Sexe« externally alike owing to the anus and genito-nriuary orifices 
o]>ening into a cloaca with a single aperture at the root of the 
tail, no hairy prepuce or vulva, the concealed orifice of the 
penis just in front of the anus ; testes inguinal ; a voluminous 
^%;ast<>rium '* gland opening close to the orifice of the penis and 

vulva ; anal glands very large, with long tubular orihce Castorida, 

5. Sexes externally unlike, the anus and external genitalia not 
opening into a cloaca ; female with hairy vul va close beneath 
anus; male with long perineal region, typically with large 
scrotum for testes in brewing season ; penis long, opening by 
prominent hairy prepuce on ^terior imrt of abdomen; no 
castorium ’’ gland : anal glands small, with small orifice. 

Sciurida, FetauriBtida, 

From the al)ove-givon analyses of the external characters of 
the Castoridae, Sciuridae, and Petaiiri8tida3 it will be seen that, so 
far as the organs considered are concerned, there is not a particle 
of evidence of kinship between the Castoridie and the other two 
families. 

* I havo not in this paper dealt with the great differences between the Beavers 
and Squirrels in the tail, because they are well known. 
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If the structural differences between the Flying Squirrels and 
the less specialised true Squirrels entitle these groups to be 
r^rded as distinct families, the differences between the Beavers 
and the Squirrels must be granted much higher rank. The 
Sciuridsd and Petauristidse may be associated as the Sciuroidea, 
and the Beavers kept apart as the Oastoroidea. The Petauristidm 
are a compact group represented by several genera and subgenera; 
but, so far as my limit^ observations on the external characters 
are concerned, I have found no reasons for thinking them 
susceptible of grouping under headings of subfamily rank. The 
genera of Sciuridfle are much more varied; but their affinities are 
at present too little understood to warrant the subdivision of the 
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1. Introbuciiox. 

This research was started at the suggestion of Prof. MacBride, 
the work being carried out in his laboratory in the Imperial 
College of Science, our attention being drawn to the necessity of 
studying the development of the chondroci-animu, in particular, 
of the more primitive Teleostei by work being done by 
Mfa Norman on the Eel, which, like the Heiring, has no upper 
jaw in the early larval stages. 

The paper refers to the larvie of tlie Clupeoid, Clupea haren^gus ; 
all observations and reconstructions were made fnnn these only, 
although the internal morphology^ of the Sprat and Pilchard was 
found to l>e indistinguishably similai’. The paper describes only 
the chondrocranium. For convenience, the larvae have been 
divided into stages as follows : — 5 mm., 10 mm., 20 mm., 30 mm., 
and metamorphosing stages (40 mm, and 50 mm,). 

Previous work on the skulls of Teleostomi includes the fol- 
lowing: — Salmon (Parker, 1872; Stohr, 1882; Gaupp, 1903; 
Boker, 1913), Trout (Winslow, 1897), Qmterosteus (Swinnerton, 
1920), CyohpteruB (IJhlmaiin, 1921), Syiignathus (McMurrich, 
1884), Amiurm (Kindred, 1919), Selachian (Parker, 1879); 
Sewertsoff, 1899), Chondrostei (Parker, 1883; Sewertzoff, 1902), 
Lepido 9 tms (Parker, 1883; Veit, 1911), and a recent paper on 
Amia (Pehrson, 1922), in which is pointed out the need for the 
study of the morphogenetic development of the cranium of the 


* Comnumicatad by Prot B. W, MacBbidb, P.R.S. 
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Teleostei, more especially of the Olnpeidie and Siluridfie. No 
work has been done on the cranial development of the 
former**^. 

Material was obtained from Plymouth » and was fixed on 
the trawler as it was caught; the larger stages were caught 
in Dublin Bay in 1921 ; material was also obtained from 
Lowestoft. 

I wisl) to tliank Prof. Mac Bride, Dr. Hogben, and Mr. H. 
Graham Cannon for valuable suggestions and assistance wdth 
both the work and the manuscript. 

2. Method. 

The specimens >vere fixed in Bouiu s fluid, in Cliromic*Urea- 
Bouin, or in Ooi rosive Sublimate. The fust was found to be most 
successful. A number of series of tmns verse sections w^ere cut, at 
8^ /x; they were then stained in Ehrlich llaunatoxylin, in Borax 
Carmine and Picronigrosine, in Mallory’s triple stain, or in 
Thionin and Oiunge G, The last w'as found to be the most 
successful. 

I'lie usual w’ax model method of reconstruction was not used. 
The reconstructions were made direct as doi'sal or lateral 
views on specially squared paper. The exact method is as 
follows : — 

An eyepiece micrometer, divided into squares, Wiis used. The 
virtual size of these squares, with the various powders used, was 
measured by means of a blood-corpuscle measuring slide divided 
into hundredths of a blood millimetre. With the microscope 
used (Leitz, eyepiece 3, objective .3, draw’-tid)e 140) one ‘square 
was found to measure *15 mm. The reconstructions were nuule 
at a magniflcation of 120. The paper was tiiei'efore “ squared ” 
with lines 18 mra. apart vertically (or longitudinally) and 1 nmi. 
apart ( = 1 20 x 84/x) horizontally ( or transversely). The direction 
of the lines on the micrometer was then set according to the 
direction from which the view was taken, and the reconstruction 
mapped out directly on to the squared paper. This method is 
really a simplification of the method, which was tried at first, of 
drawing each, or alternate, section on squared paper and then 
reconstructing dorsal or lateral views bV measuring these 
di*avvings. The new method merely eliminates the intermediate 
process. It was found to be very considenibly quicker, and 
certainly as accurate ns the wax model method. The same 
assumption had to be made as is made in the model method — 
that is, the assumption that one of the cartilages was sti’aight. 
In the reconstructions made the ethmoid plate was taken for 

* Tt is interesting to note that none of the Rbove>tnentioned tjppes have larvue, as 
do the Clnpeoids, Flat-fish, Ac. The term “ lai*va is hero taken to refer to the ftee- 
swimming stage preceding metamorphosis as opposed to the newly-hatched yolk- 
sac bearing embryo. Lebour and others refer to this free-living stage as the post- 

larval stage. 
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thi$ centre: corrections to allow for this can quite easily be 
made from longitudinal sections of a similar larva. To make 
comparison more easy and more accurate, all reconstruetiotis 
were made to the same scale, using tlie same micrometer and 
microscope. 


3. External Characiers. 

The specimens examined varied in leiigtli from 5 to over 
50 mm. ; the 10 mm. stage vras taken in the greatest detail, and 
it corresponds to an age of less than a month. The larvje were 
of the Herring, distinguished from those of the Pilchaixl and Sprat, 
as is pointed out by Fage (1020), by the number of myotomes, 
having 56 to 58, 51 to 52, and 46 to 48 respectively. 

The tail is characteristically short, the anus being very close to 
the end of the body. In a specimen 10*5 mm. long we have the 
following ineasuremeiits ; — head 1*5 mm., trunk 7*5 mm., tail 
1*5 mm. (Leboiir, 1921). The head is nearly as broad as it is 
long (including the eyes), the lower jaw protruditig forwards well 
beyond the upper. 

Tlie only vi.sihle hns at fir.st are the pectoral and caudal, the 
pelvic fin not appearing until a length of over 20 mm. is reached, 
and the doi*siil 6n is not complete until the animal is 28 to 
21) mm. long (Lebour, 1921). 

None of tile sj>ecimens of 10 nun. upwards examined bad the 
yolk-sac still present, although it may persist until 12 mm. 

These and other points hav44 been illustrated in text-fig. 1. 

Metamorphosis takes place at about 40 imn. 


4, Discussion. 

This researcli, as stated in the Introduction, was carried out to 
fill a very noticeable gap in the work done on the development 
of the Teieostean chondrocranium. The paper does not pretend 
to be a complete account, and it has very little detail in it ; the 
results obtained were so unexpected and abnormal that 1 have 
made no attempt to explain or to theorise. Time was unfortu- 
nately too short for me to make it a comparative account ; it is, 
in fact, merely a simple description of the state of aftairs 
found. 

The first striking point is this : there is in the early stages no 
upper jaw at all — it does not appear until the larva attains a 
length of about 13 mm. 

Another point is that at the earliest stage examined (z. e* 
5 mm.) the hyomandibular mass of cartilage is fused both to the 
cranium and to Meekers cartilage. It breaks away from the first 
at about 15 mm., and the second at 25 mm. The upper jaw 
grows back, and fuses with it secondarily. The quadrate is 
formed from this mass by a constriction forming in it. 
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It is interest! Qg that the larvae showed points of interest not 
only in the chondrocranium. The development of the pituitary 

Text-figure 1. 





Larval Clupm harengut^ 16 mm. Stage. 

body does not tally exactly with the previous accounts. This 
matter was briefiy examined, and will be published separately. 
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6. The Chondbooeaxiuh. 
a. The 6 mm. Stage. 

This deacription is based on the study of transverse sections of 
a specimen nearly 5*8 mm. long. Sections, for confirmation and 
comparison, of slightly longer specimens were also cut (text- 
fig, 2). 

In front, the chondrocranium is a thin plate of cartilage, in the 
form of a deep, nearly straight-sided trough, about half as deep 

Text-figure 2. 


A. 



63 mm 




Lateral views of early atagea of Larval Hening. X 120. From reconstructions. 

as it is broad. A little further bock the sides turn up, and 
separate from the median part forming laige upturned pro- 
cesses, which lie on each side between the brain and the eyes. 
The median part becomes a somewhat narrower nearly flat plate, 
which soon divides into two narrow processes enclosing a large 
foramen in which the pituitary lies. These enclosing processes 
are the Timbe<mi» Oranii. 
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At the posterior end of this fominen the processes widen 
laterally and turn up sharply. The median part forms a tube 
enclosing the notochord. 

From near the top of the lateral upturned process there 
grows down a cartilage, laterally thin, which soon elongates to 
form a large flat plate, slating out at the top. This is the hyo- 
mandibular. Close below its fusion with the cranium there is 
a foramen, of the hyoid branch of the Vllth (facial) nerve. 

At the bottom of this plate and slightly in front of its fusion 
with the cranium there is a narrow elongated slit. From the 
posterior end of this hyomandihular there grows downwards and 
forwards a thin cartilage. This runs along the lower side of the 
hyoinaiidibular, luid then forwards and uj) wards. The halves (it 
is, of course, like the hyomandihular, paired) meet some way in 
front of the anterior end of the ethmoid plate; they are not 
fused, but articulate. 

(The naming of the cartilages is based on study of later 
stages.) 

There is at this stage no trace of an tipper jaw (u e. the 
palatal, pterygoid, and quadmte cartilages), the only roof to the 
mouth being the ethmoid plate. 

A specimen of 6*5 min. was examined, and showed only a few 
slight diflferences; the large upturned })roce8ses are distinctly 
smaller, and the narrow elongate<l slit in the hyomandihular mas%s 
is closing up. The fusion of this mass with Meckel’s cartilage is 
still placed as in the younger stage. 

In a 7*5 mm. specimen it was lound that the large upturned 
processes had diminished conshlerahly in size, being very little 
larger, comparatively, than in the 10 inm. .stage. The miriow 
elongated slit in the hj^omandihular has entirely closed ur>, and 
tlie fusion of the posterior proces.s from Meckel’s cartilage T;0 the 
hyomandihular has moved forwards, being now situated directly 
below the anterior end of the fusion of the latter to the cranium. 

Text-fig. 2 C shows a reconstruction of a 7*8 mm. specimen ; the 
upturned processes have disappeared entirely, and the fusion of 
Meckel with the hyomandihular has moved right forwards to the 
anterior end of the latter, and its fusion with the cranium is as 
before. 


h. I7ie 10 rum. Stage. 

This description of the chondrocranium is l)ased on the study 
of transverse sections in all nine series, on whole mounts of 
specimens of Clupea harengua varying in length from 9 to 
11 mm., and on reconstructions made from a 10 mm, specimen 
(text-figs, & 4). 

In front the ethmoid plate is still thin, but it has flattened 
out considerably, being at first dorsally convex and, further 
back, concave. In front this ethmoid plate is very broad, 
measuring nearly *5 mm. across ; it runs back for nelU^y one- 
third of the length of the head before dividing to give off the 
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Trabecul® Oranii. The pituitary foramen is now about *45 mm. 
long and half as wide. Just anterior to the posterior end of this 
foramen these processes (the Trabecula Cranii) widen laterally 
as before, and turn up sharply to send forwards the long, slender 
post* orbital processes, ('fliese might also be called the supra- 
orbital processes, but the former name is chosen as it emphasises 
the fact that they grow forwards from behind, and that they lie 
between the eyes and the brain and not over the eyes.) Small 
protrusions, corre.s[)onding to the large upturned processes of the 
5 mm. stage, turn back from the ethmoid plate as if to meet 
these post-orbital processes. The orbit is tlins, at this stage, 
incomplete, ns it is in the 10 iiim. Sym/ndihoA, whereas in the 
8 mm. Amiurtis and the second week Salmo it is complete. 

In the Hat plate between the pituitary foramen and the post- 
orbital processes are the foramina of the Vlltli nerve. 

The anterior end of the notochord lies directly behind the 
pituitary foramen, and it is enclosed in cartilage for the first 

Text-figure 3. 



mm, of its length. On each side of this are the audit<'>ry 
capsules, enclosed at their posterior end by cartilage. The brain 
and nerve-cord are in no place completely roofed over, the 
nearest approach to this being two thin, Jiigh pi’ocesses lying 
laterally to and nearly level with the top of the nerve-cord; 
these arise from the cartilage enclosing the notochord, near the 
posterior of the heed. In them Ls the foramen of the Xth nerve 
(vagus). The 10 mm. SynynathuSy 8 min, Amiurm^ and second 
week Salmo, all have the posterior end, at least, of the bi-ain 
roofed over. 

At this stage there is still no trace of an upper jaw. Meckel's 
cartilage protrudes conspicuously beyond the ethmoid plate ; the 
two halves are naiTOW but deep. The jaw widens rapidly until 
it is nearly as wide as the ethmoid plate, and then narrows slowly 
until it meets the hyomandibular. The two are still definitely 
fused, Meckel’s cartilage extending as a leng forward growth 
from the anterioi* end of the hyomandibular. 
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The hyomandibular is a great mass of cartilage, sloping baek« 
wards and outwards at the top and measuring about *5 mm, 
long, ’16 mm, deep, and nearly *1 mm. broad. It meets the 
cranium just behind the post-orbital processes and between the 


Text-figure 4. 



Dorsal view of clioiidroonixiium. 10 mn. Stage. X 70. 


foramina of the VUth nerve and the pituitary. The hyomandi- 
bnlar touches the cranium for about half its length, being 
articulated in front and fused behind. 
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The foramen of the hyoid branch of the Vllth (facial) nerve is 
situated as in the 5 mm* stage. 

At the posterior end of the hyomandibular, at the bottom, 
there articulates with it the ceratohyal, by means of a conspicu- 
ous knob, probably the appearing stylohyoid, as in Syngnathua* 


Text-figure 5. 



Doml view of branchial arches. 10 mni. Stage. X 60. 

The ceratohyal runs forward as far as the anterior end of the 
ethmoid plate ; arising from the anterior end of the ceratohyal 
are the branchial arches. 

The accompanying figure is of the branchial arches of a larva 
at this stage ; the figure is self-explanatory. 

c. The 20 Stage. 

This description is based on reconstruction of a 20 mm. 
specimen of Olupea hmengue (text-fig. 6) 

At its extreme anterior end the ethmoid plate is, as in the 
10 mm. stage, a flat plate ; a little further h&ck a median dorsal 
ridge appears. This ridge mns back as far as the two lateral 
protrusions, which are considerably developed.^ 

The ethmoid plate now becomes comparatively thinner ; the 
pituitary foiiunen is also comparatively smaller. The post- 
orbital processes are thicker, and run forw^ards beyond the lateral 
Proc. 2Iooii, Soc*'^1922, No, LXXXI. 81 
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protrusions and come down close to the median ridge. About 
half-way along these post-orbital processes a bridge is formed 
between them, which gives off two median thin processes, one 
forwa^s and one backwards. This bridge roofs over part of the 
anterior end of the brain (epiphysial bar). 

Arising from the anterior end of the upturned sides of the 
ethmoid plate, from which the post-orbital processes arise, are 
paired backward growing pieces of cartilage ; these meet processes 
growing up from the sides of the posterior end of the ethmoid 
plate, and enclose the anterior end of the auditory capsules. 
From the top of these a bridge grows to cover part of the 
posterior end of the brain. The posterior end of the auditory 
capsules is enclosed as in the 10 mm. stage. The cartilage 
enclosing the notochord is as before. 

Articulated with the sides of the anterior end of the ethmoid 
plate are small paired cartilages — ^the early beginnings of the upper 
jaws (the palatal part of it). This appears first at about 13 or 


Text-figure 6. 



14 mm. They run back as far as the anterior end of the pituitary 
foramen. They have no connection whatever with either the 
hyomandibular or with MeckeFs cartilage. This is very similar 
to the 10 mm. AmiuruSt in which the palatal arises sepaiutely 
close to the ethmoid plate and the pterygo-quadrate grows 
forwards from the hyomandibular to meet it. At this stage, 
however, there is no trace of any forward growth from the 
hyoman/libular. "J'he palatal arises separately similarly in 
Syngncithus (8 mm.). 

The hyomandibular is articulated with the cranium, and in no 
place is it fused wdth it; it is a considerably lai*ger mass of 
cartilage, comparatively, than in the 10 mm. stage. The part 
articulating with the ceratohyal has grown back and away from 
the main mass, forming even more conspicuously a stylohyoid 
cartilage. Anterior to the base of this process a long pointed 
piece of cartilage grows forwards. 

The hyomandibular is considerably elongated, and there is a 
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slight restriction where it meets Mecker« cartilage. At the 
lower part of this restriction the two cartilages are divided to 
indicate a coming division between them. 

MeckeFs cartilage is very much as in the smaller 10 mm. stage, 
wide at the base and tapering to a thin, horizontally flattened 
cartilage at its anterior end. 

The two foramina of the VITth, facial, nerve (i, e, in the 
hyomandibiilar and in the ethmoid plate) are unchanged. 

d. The 30 mm. Stage, 

The following description is based on the study of transverse 
sections of a 30 mm. specimen of Clupea karengua and on a 
reconstruction of it (text-fig. 7). 

The median ridge in this stage runs to the extreme anterior 
einl of the ethmoid plate, the top bulging laterally consideiably ; 
near the posterior end of this ridge it divides to enclose the 
anterior end of the brain. Just below the top bulge theie is the 
fonimen of the 1st nerve. 


'j'ext-figure 7. 



The ethmoid plate runs back from this at first as in the 
previ ous stage, being ne4U*]y flat. It then tapers to a long 
median point, on each side of the base of which are slight knobs, 
the i*eiuains of the Trabeculae Cinnii, which are now absent. A 
ventral view of this is shown in text-tig. 8. 

From the cartilage enclosing the anterior end of the brain the 
paired post-orbital processes extend back as before. The bridge 
over the brain and between these (the epiphysial bar) is 
unchanged. From the posterior end of this bar there runs a 
pn>ces8, along the top of t.he brain, to meet the cover to the 
posterior end of the hmin. 

Theauilitory capsules are now completely eiiclose<l by cartilage. 
Tlie processes which in the 20 nim. stage grew back from close 
behind the post-orbital processes are now broken, to give long 
sloping slits in the upturned sides of the ethmoid plate. Part of 
the posterior end of the hind brain and the anterior end of the 
nerve-chord lU'O entirely roofed over by cartilage. 


81 ^ 
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The palatal cartilage is comparatively lai’ger in cross-section^ 
and from its posterior end there runs a thin strip of cartilage 
to meet the hyomandibular mass at its anterior end. It is 
important to notice that this fusion is entirely secondary, and, 
as pointed out above, the upper jaw grows IxAck from the 
front. 

The hyomandibular mass of cartilage has grown considerably, 
being now nearly half as long as the whole chondrocranium. 
The articulation with the ci'anium is as before, the stylohyoid 
ami the forward growing piece of cartilage, Just in front of it, are 
even more conspicuous. Just in front of the base of this forward 
growing part tlie hyomandibular mass forms a narrow neck, and 


Text-figure 8. 



Ventral views of ethmoid plate in the 10 mm. and 30 mm. Stag<>a. X 30, 


spreads out again further forward. From its anterior end on top 
it sends forwaid the thin strip to meet the upper jaw, and 
immediately below this there is a small protrusion which articu- 
lates with Meckel’s cartilage. At the ai’ticulation there is a 
large upward growth from MeckeFs cartilage, otherwise it is 
unchanged. 

The two foramina of the Yllth nerve (facial) are unchanged. 


e. Th^ 40 mm. Stage* 

This account is based on the study of tmnsverse sections of a 
40 mm. specimen of the Herring and on a reconstruction of it 
(text-fig. 9), 

The whole chondrocranium has considembly increased in height 
without a very marked change in length. 

The anterior end of the ethmoid plate and the median ridge 
show little change, except in the formation of the anterior eye- 
muscle canal ; the rostrum is more pointed. The epiphysial bar 
is unchanged ; the post-orbital processes have become compara- 
tively more massive, and from the ventral side of their anterior 
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end a pair of small backward-growing protrusions have appeared. 
The median process running along the top of the brain is very 
much thinner, especially near the posterior end. 

The long sloping slits in the upturned sides of the posterior 
part of the ethmoid plate — mentioned as present in the 30 mm, 
stage — are now closed at the upper and anterior end, leaving a 
large foramen. The roof over the posterior end of the brain is 
now complete. 

The anterior end of the palato-plerygoid is pmctically 
unchanged, the posterior end being somewhat enlarged to form 
an upturned knob. There is a slight restriction where it meets 
the hyomandibular mass. 


Text-figure 9. 



The articulation of the hyomaiidibuJar with the cranium is no 
longer complete, being broken in the middle. The hyomandibular 
mass has changed very considerably — changes which are even more 
marked in the 50 mm. stage, — and it is perhaps l>est to describe 
them in the next section. 

Oousiderjible ossificiition is commencing. 


f. The 50 mm. Stage, 

[See text-figure 10.] 

The nasal septum appears at this stage at the base of the 
rostrum ; apftrt from this the anterior part of the ethmoid j^late 
remains unchanged. The post'orbital processes ai-e again more 
massive, and the process running medianly from the epiphysial 
bar to the posterior end of tlie cranium is, as it originally was, 
incomplete. 

The retx*o-articular |jrocess on MeckeFs cartilage is now con- 
spicuously developed. 

No other differences have appeared except in those caitilages 
concerned in the suspension of the jaws. 

Text-fig. 1 1 shows the suspensory apparatus of CVapea 
and of Amia txdm (from Torsten Pehrson, 1922) for 
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the purpose of naming the various cartilages present. The 
explanation offered in the figure does not explain the slight 
constriction in the middle of the quadrate. 

It remains, however, without doubt that the quadrate, the 
symplectic, stylohyoid, hyomandibular, and Meckel s cai*tilages, 
all arise from the same single mass of cartilage, which mass was 
originally fused to the cranial part of the skull, whereas the 
palato -pterygoid cartilage Jirises entirel3»^ separated. 

Text-fig. i 1 shows the development of the suspensory arrange- 
ment of the jaws compared with that of Amia calva, and also 

Text-figure 10. 



stages in Salmo and Syngnathus, This figure tends to fill in the 
gap left by the absence of any comparison in the text. 

To assist further comparison, the following table, showing the 
rate of growth of the larva, is given : — 

Hatching 4 mm. 

2 weeks 10 mm. 

1 month 18 mm. 

2 months 35 mm. 

3 months 48 mm. 

4 months 55 mni. 

approx. 

(H. A. Meyer.) 


6. Summary. 

1. The hyomandibular, quadrate, 8}’'mpJectic, and stylohyoid are, 

in the 5 mm. stage, all one mass of ciirtilage. 

2. This mass is fused, at this stage, to the cranial cartilage and 

to Meckel’s cartilage. 

3. The palato-pterygoid forms at about 13 mm., and grows back 

to meet the quadrate. 
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4. Until the 20 mm. stage is reached, the brain is in no place 

roofed over. 

5. The Trabeculae Oranii disappear between 20 mm. and 30 mm., 

leaving a median process, Mrhich does not join the posterior 
part of the skull. 

6. The quadrate appears by a constriction in the hyomandibular 

mass. 

7. The symplectic appears as a thin pointed process from beneath 

this mass. 

8. Articulations of this mass with the cranium and with Meckel’s 

cartilage appear at 10 mm. and 26 mm. respectively. 

9. Considerable ossification is taking place at 30 mm. 

7. List of Abreviations used in the Illustrations. 


Br Branchial arches. 

C.H Ceratohyal. 

E.B Epiphysial bar, 

Eth Ethmoid plate. 

Fletc Foramen of I(etc.) nerve. 

H.M Hyomandibular. 

‘ Mk Meckel’s cartilage. 

NaS Nasal septum. 

N.O Notochord. 

P.F Pectoral fin. 

P.G Pectoral girdle. 

P.O Post- orbital process. 

PP Palato-pterygoid cartilage. 

Qu Quadrate. 

R Rostrum. 

RaP Retro-articular process. 

StyH Stylo-hyoid. 

Sy Symplectic. 

T.C Trabeculee Cranii. 
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1. Introduction. 

There are in the British Isles over 250 species of Hydrachni^lse 
or Water-mites, belonging to about 40 genera [7]. Tlie life- 
history is interesting, as the larva is usually parasitic upon some 
other fresh-water animal (e. g., Hydracltna glohoaa or Dytiscus^ 
Nepay etc.), although the adult is free-living. By such means 
dispersal is often effected. One result of this rather cdaborate 
and risky life- history is that comparatively few adults are 
usually found. We should expect, a to find some special 

method of defence among tliese mite.s, since they are not able to 
increase rapidly in numbers, in order to counteract the depre- 
dations of enemies. 

The colours of Water- in ite.s are very varied. As this paper 
deals mainly with the scarlet species, the genera may be roughly 
divided into four groups in order to give some idea of the eoloiu's 
which occur : 

1. All the species of the genus bright red, e. g., EglmSy IHplo- 

dontnSy IlydryphanteSy etc. 

2. Most of the species of the genus bright red, but a few non- 

red, e, g., Eydrarachva, 

3. A few of the s]>ecies of the genus bright red, but most of 

them non-red, e. g., JAmneaiay ArrhenuriiSy Picna» 

4. All the species of the genus nou-red, e. g., Atm\ Hygrobates, 

This is a large group and the colours ai e extremely varied. 

(These groups are not intended to express the natmul relations 
of the genera.) 

The ground-colour of the mite.s is due to pigment present in 
the skin. Markings of various sorts are produced by the internal 
organs showing through the skin. 

It is the object of tliis jmper to prove that warning coloration 
and probably Miillerian mimicry exist among some at least of 
the HydrachnidaB. 

I am much indebted to Prof, E. B. Poulton for help and 
encouragement during the preparation of this paper, and to 
Mr. C. D. Soar for help in identifying the mites, and for other 
valuable information mentioned later on. 

* Communicated by ProfesBor E, B. Povltok, F.R.S., F.Z.S 



1232 


MR. C. S. BLTON ON THE 


2. The Mites of Bailway Ditch, Oxford. 

If there are no particular laws governing the occurrence of 
colours in mites we should expect to find chance mixtures of 
colours among the species of any one habitat. In the following 
example such was clearly not the case. During May 1921 the 
fauna of a small ditch near Oxford (here referred to as “ Railway 
Ditch '*) was examined by me. This ditch is connected by 
several channels with the Thames, but is usually almost stagnant. 
Only one part of it was studied, an area about 30 yards long and 
4 feet wide Since it is important to know what animals and 
plants are associated with the mites, a list of the species observed 
during the course of the work is given below. This list is not 
by any means exhaustive, but gives some idea of the type of 
habitjit in which the mites were living. 

Plants : Hanunculua aquatilis Agg., Hotioma palnstris L., Calli'- 
triche aqiuUica Srn., Potamogeion natcim L., perfoliatus L., 
P, denaus L. {Lemna minor L., L. trisulca L.). 

Hirudin E A : Two large species. 

Mollusca : Limnasa stagnalis L., X. poregra Mull., Planorhia 
corneua L., P. complanaias L., P. spirorhis Miill., Aticyhia 
lacniatria L., Bithynia tentaculatci L., Paludbia vhdpara L. 
Insecta : 

Coleoptora: Dytiscus ^nay^gnialis L., Uyphrydua ovatiis L., 
Hydroporua paluatria L., Agahua hipuatidatus L., Ilaliplus 
sp. 

H erniptera; Nepa cinerea L., Hydrometra stagnorum L., 
y^otonecta glaum L., Corixa sp., Velia sp., Gerria sp. 

N e u r o p t e r a : Various larva?. 

Crustacea : Cyclops serratulus Fischer, prasinaa F. 

Chydoma sp. 

Aaellua aquaticas L. 

Fish : Gasteroate^is aoideatua L. 

Amphibia : Frog tadpoles. 

The mites and their colours are shown in Table I. 


Table I. — The Mites of Riiilway Ditch, May 1921. 


SPEcras. 

CoLoua. 

M.ydrarachna fflohosa De Geer. 

JST, sckneideri Koeu. 

H. distincta Keen. 

JE[,fu,$cnta Soar. 

Eylnift hamata Kocn. 

Diplodontus despieiens Miill. 
PCydrpphanteft ruber Dc Geer. 

Fiona lonyipalph Krend. 

JLimneHa fulgida Kocli. 

1 

Scarlet. 

Scarlet, 

Scarlet. 

Dark purple with reddish spot on hack. 
Scarlet. 

Scarlet. 

Scarlet. 

Scarlet with black spots on back. 

Scarlet with black marks on back. 
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The ditch was full of breedixig 3-spiiied Sticklebacks {Gastero- 
aieua aculeatm). The uiales were guarding their nests and 
driving ofi'all intruders fiercely. The mites were not abundant, 
only about 20 specimens being taken, after a good many days of 
watching and collecting. This fact made it impossible to do as 
many experiments as one could have wished. When a scarlet 
, mite did apfiear, it was extremely conspicuous and sometimes 
swam near a male fish without being touched. 

3. The Evidence for W^arning Coloration. 

Experiments were made in May 1921 in order to see whether 
mites »\re eaten by Sticklebacks. 

Expt. 1. A large male 3-spin ed Stickleback from Railway 
Ditch was placed in a vessel of water, and starved for thi^e days. 
It was then offered a Daphnia pulex^ which it devoured. 
Directly afterwards a I Amnesia fulgida was put in. The fish 
made towards it from an inch or two away, but stopped half or 
quarter of an inch from it and swerved oft*. It repeated 
this after a minute or two. After that the mite was disregarded 
altogether. When given another and brighter Lu fulgida the 
fish went up to it once in the same way, and afterwards ignored 
it. It was given another Dwphnia which it devoured eagerly. 

Kxpt. 2. Tlie last experiment was repeated on the same fish, 
EylaxH humata being used instead of Limneaia, Tiie mite was 
completely ignored after several inspections. 

Expte. 3, 4, 5. The same result was obtained when DipJo- 
dontns despiciensy Piona longipalpisy JBydrarachna distinctay 
respectively, were used. 

These experiments show that the fish avoided scarlet mites 
even when it was fairly hungry, that the latter were presumably 
distasteful to it, and that the fish remembered this fact from its 
former experience. 

Expt. 6 . A Stickleback wa-s placed in a vessel as before. 
A Daphnia was eaten eagerly. An Eylais hamata was put in 
and avoided by the fisli. Another Daphnia was eaten. A 
Hydrarachna fuscata was now introduced. The E. hamata 
accidentally bumped into the fish, which whipped round and 
snapped up the mite, but immediately spat it out again. The 
fish then approached H, fiiseata but did not touch it. A Daphnia 
was then put in and eaten. 

This experiment shows that E, hamata was actually distasteful 
to the Stickleback, and that II, fmcata was avoided. 

Mr. Soar t^lls me that he has never seen any mite eaten except 
by other mites. He once observed a Dytiacns larva which refused 
to touch a Diplodontna deapiciena. Piersig [3] quotes an obser- 
vation of Dug^ to the effect that A^epa refused to touch water- 
mites, but does not state what species. Thus, scarlet mites are 
avoided by two of the fiercest enemies of fresh-water animals, 
Dytiacm and Sticklebacks, both of which were present in 
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Railway Ditch. [Mites will often attack each other. Pimia 
longipalpis was seen to attack Limnesia fulgida and Uydraratchna 
fusccUa, and Mr. Soar states that Z. fidgida will often attack 
Eylais,'] 

Hydrarcichna fuaeata, which is not scarlet, has the peculiar 
hal)it of crumpling up its legs and feigning dead when touclied. 
Mr. Soar states that he does not know of any other Water-inite 
which does this, although mites sometimes are found resting in 
a crumpled up position. Before we can say what the precise 
use of this habit is, more experiments are I’equired. But 
the following occurrence shows that it may be an advantage 
sometimes. 

Ej'pt, 7. A Hydrarachna schneideri and a H, fmoaia from 
Railway Ditch were put in a jar with a specimen of Agahits hipua- 
tulaiuaivom a pond in Oxford Botanic Gardens in wliich no mites 
had ever been seen, although regular collections had been made 
for nine months. The beetle attacked and ate //. achnetderi. 
Meanwhile //. fuscata feigned dead during the disturbance and 
remained unharmed. 

This experiment does not prove anything with legard to the 
distasteful properties of //. achi^eideri^ since the beetle was almost 
ceitainly unused to scarlet mites. 

Ex‘pU 8. In the autumn of 1921, a youug 3-spined Hticklehack 
from a flood -pond near Railway Ditch was starved for tl}reo 
days and then given a TuhifeXy which it gobbled up. A Limneaia 
falgida from Railway Ditch w^asputin with it. The fish dashed 
at the mite and caught hold one leg, but immediatcdy let go 
and left it. After this tlie fish went up to within a quarter of an 
inch of the niite several time.s, hut did not touch it. The mite 
was left in with the fish for seven days, but still remained 
uneaten, although the latter had now l>een starved for ten 
days. 

Expt, 9. In the end of February 1922 a young 3-sj)iiied 
Stickleback was taken in Raihvay Ditch and was starved for 
four days. (No mites were to be found in the ditch at this 
time.) A Siwocepkalus vetulus w’as put in and eaten eagerly. 
A nymph of Hydrarachna pahtdosa Thou, from a .^alt stream at 
Marcham was now put in. This species is coloured very brilliant 
scarlet. The fish went up to it and took the mite into its mouth, 
hut immediately spat it out. It went up to the mite repeatedly 
after this without eating it, and followed it round for some 
time, clearly torn between its ravenous hunger and the un* 
pleasantness of the mite. The latter was now removed. 

Two days later, the Stickleback (having now been starved for 
six days) was given two Simocephalua, wdiicli it devoured. 
H, palttdoaa was then introduced. This time the fish snapped 
up and spat out the mite many times, but sometimes avoided it, 
and never swallowed it. 

This experiment shows among other things the eflect of 
hunger on the reactions of the fish. 
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All Water-mites possess large skin-glands, provided with 
so-called “sensory” hairs, whose function has been, so far, 
uncertain. As Piersig ( 3 ) points out, it has long ago been 
suggested that these glands secrete some unpleasant fluid ; but 
he states that there is not enough evidence to decide whether 
the mites are distasteful or not. That they are so to Stickle- 
backs is certain, in view of the experiments here described. The 
idea that it is the skin-ghinds which make the unpleasant taste, 
is supported by the fact that the fish does not injure a mite 
when it takes it into its mouth, and therefore cannot actually 
taste its flesh ; also by the fact that the mite is spat out so 
promptly. The anatomy of these glands and the nature of the 
supposed secretion require to be worked out in detail. The 
hardness of the body probably helps to render some mites 
distasteful, as indicated by the fact that a Stickleback when not 
very hungry will sometimes reject a young Asellus^ after taking 
it into its mouth. But this could not apply to such soft-skinned 
mites as Eylais and Diplodontus, 

These experiments make it clear that Sticklebacks recognize 
the scarlet mites by their appearance. It is extremely likely 
that it is the colour which is remembered, although no accurate 
work has been done on Ga^terosteus^ in order to prove this. 
But White (8) has recently shown that the American Stickle- 
back (Eucalia incoustans) and Mud Minnow { Umbra limbi) are 
well able to distinguish diifex'ences in colour as distinct from 
diflferences in tlie intensity of light. She proved by experiment 
that the fish were capable of associating different colours with 
their food, though they were unable to distinguish between fine 
shades of the same colour. The same may well be the case for 
the 3-spiiie(l Stickleback. 

There is another point which is of some importance. It may 
be asked what advantage is gained by mites, seeing that they 
appear to be uninjured by fish, even after being snapped up and 
spat out several times. The answer to this is that: (1) Mites 
must be actually destroyed by some animals before their dis- 
tastefulness can he realized, e, g. Agabns ; (2) the fluid wliich 
seems to be secreted by the skin-glands would ultimately become 
exhausted ; (3) being continually attacked must interfere with 
the life processes of the mite. The degree of effectiveness of 
warning colours depends among other things on the state of 
hunger of the enemies. 

4, The Evii)bxce for Muxleriax Mimicry. 

There is no evidence at present of Batesian mimicry, i, of 
edible mimics, among Water-mites. It is unlikely that it exists, 
in view of the facts that all Water-mites have the large skin- 
glands and that there are very few cases on record of mites being 
edible. However, the possibility should not be ignored. There 
is on the other hand, strong evidence of Mullerian mimiciy 
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among miteB. It seei»3 remarkable that eight species of scarlet 
mites belonging to six genera occurred in Kail way Ditch. Two 
of these species are members of genera in which the other species 
are mostly non-i*ed (Limmsia and Fiona), The only species which 
is not bright red, occurring in the ditch, has a special defensive 
habit, not found among other mites. The absence of any other 
uon*red species is remarkable, since there is no dispersal difficulty 
to prevent them from immigrating from the Thames. The shape, 
size, and mode of swimming of all these species are much the 
same, except that Eylaia trails its legs behind. 

If we exclude the possibility of coincidence, the explanation 
might be that the red mites possess some advantage which is not 
shared by the non-red ones. Now, there may be two important 
factors affecting the evolution of a group of animals in the 
direction of having a common colour : — 

(1) In the words of Prof. Poulton, ‘Hhe feasibility of certain 

colours and patterns depending upon their effect on the 
vertebrate eye and thus giving the enemies as easy an 
education as possible ” (4). That is to say, scarlet may 
have a more striking effect on the retina of the Stickle- 
back’s eye than any other colour, and therefore be more 
effective as a warning. 

(2) Keinforcing this would be the co-operative advantage of 

Mullerian mimicry as usually understood. 

The early stages in the evolution of a set of Miillerian mimics 
would be easier to conceive of if there was any evidence that the 
first factor is aii important one, and its effect would be greater in 
the case of animals which, like these scarlet mites, are of one 
uniform coloui* and do not possess elaborate patterns. (The 
latter, where they occur, cannot be explained without the aid of 
the Mullerian theory.) Therefore, if it can be shown that 
Sticklebacks remember scarlet mites better than those with other 
colours, the case in favour of Mullerian mimicry will l>e corre- 
spon<lingly strengthened. The following experiments show that 
this may be so : — 

£xpt, 10. The same fish was used as in Expt. 9, after being 
starved for four days. As was seen in that experiment, a scarlet 
ffydrarachna palvdosa was ref used after on e trial. A Simocephalus 
was then put in and eaten at once. A specimen of Hygrohates 
longipcdpis Herm. vvas introduced. This mite is coloured black 
and yellow, and is quite conspicuous. The fish snapped it up and 
immediately spat it out. This it repeated fourteen times at 
intervals. Another Simocephalua was put in and eaten. The 
mite was again taken in and rejected seven times. Another 
Simocephalus w’as eaten. The fish now approached the mite 
four times without touching it. After that the mite was more 
or less ignored. A Limmsia undulata Miill. was now put in. 
This species is yellow with black or brow n spots. The fish took 
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it ill its mouth and spat it out twice, and afterwards avoided it. 
Uydrurachna paludoaa (brilliant scarlet) was now introduced, 
and the fish avoided it after one trial. There were also some 
Cypris virens present, coloured a uniform brownish green. This 
Ostracod was too hard for the lisli to crush and too big to 
swallow; yet the Stickleback kept rushing at the when- 

ever they moved, trying to swallow them. This it continued 
to do throughout several <la.ys. 

This exi>eriment suggests that scarlet was remembered by the 
Btickloback better than yellow and black, although the hunger 
of the fish has to be taken into account. But both were more 
efiEective than the dull unifoi*m colour of the Cypria. 

Ejtpt, 11. The same fish w^ns used as in Expt. 1. It was 
experienced as regards scarlet mites. A JJapImia was eaten 
eagerly. An Acercua hitescens Herm. was put in. This is a 
small mite, coloured pale pink, dark brown, and yellowish white. 
The nsh snapped up the mite, but immediately spat it out again. 
This was repeated three times. After this the mite was avoided, 
A short time afterwards the fish noticed it again, and the whole 
procedure was rejieated (the same luunher of times). A haphnla 
was eaten. Eylaia hainata (sciirlet) was introduced, but avoided 
after inspection. Both mites were removed. Next morning the 
experiment was repeated. The fisli saw Acercits and snapped 
it up, and then spat it out. N<*xt time the mite was avoided. 
The mite was then removed. Thirty -live minutes later Acerem 
was put in again. Tlic fish went right up to the mite, hut did 
not totich it. After this the mite was ignored. J)((ph 7 iia was 
put in and eaten. Eylaia wms put in ami avoided. Tins experi- 
ment suggests that the fish was able to remember the scarlet 
much better than the other colours. It is unlikely that the 
(Iifl:mMice in impressions made on the fisli Avn.s due to the scarlet 
mito having a more unpleasant t:\ste than the other, since hotli 
were spat out e<iua]ly promptly. It is probable, then, lhat 
scarlet is tlu> most efficient warning colour for use in Stickleback- 
haunted habitats. Perhaps it is only tho best for such Jiahitats 
at one time of year, i. e, in the breeding-season of the fish. 
1 observed 3 'ellovv-and-b]ack mites (unidentified) in a Hampshire 
pond where 3-spined Sticklebacks occurred on August 4th, 1922. 
This show’s tliat such mites can exist in some Stickleback ponds. 
Not much is known about the food reactions of these fish, except 
that they are usuallj^ very fierce and voracious. It is necos.^arv 
to be very cautious in applying the know’ ledge about food habits 
of Sticklebacks in one place to those of anotliei', tl. T. Saunders 
(5) records a pond in which the adult 3-spined Sticklebacks ate 
nothing hut one kind of diatom, w hile the j^oungones in the same 
pond and all tlie fish of neighbouring jv>nds w’ere carnivorous. 
He also states that tlie fish soon learn to distinguish by sight 
between different aiiimal foods, and that they are very sensitive 
to changes in their environment—^.//,, the diatom-eaters became 
carnivorous in (japtivity. The latter fact might throw some doubt 
Pboc. Zool. Soc.— 1922, No, LXXXII, 82 



1238 


MR. 0* 8. BLtOK ON THB 


on the validity of the experiments with mites etc. described 
liere ; but the uniformity of the results makes it pretty certain 
that the fish would reject Water-mites in nature as well as in 
captivity. 

The fact tlint the fish in Expts. 10 and 11 did not learn well 
on other colours than scarlet does not weaken the case in favour 
of warning coloration, since the non-red mites used were not in 
the presence of their natural enemies. A cere its luteseens came 
from a pond in which there were no fish. IJygrohaUs lonQipalpis 
and JAmnesia undulata were from the Thames. Now, although 
Sticklebacks are abundant in most rivers. Maxwell (2) says : 
“ It luis been obsei*ved that the Stickleback is very scjirce in the 
Thames.’^ 

The chief importance of these non-red mites here is that it has 
been shown that they might be at a disadvantage in Stickleback- 
haunted habitats (where scarlet ones are successful), and that 
non-red mites actually tend not to come in such places. 

Some other evidence may be a.d<led to this, though very little 
is known about the associations ot‘ Water-miles. 

There is a flood-pond near Kailway Ditch which wa« full of 
3-spined Sticklebacks in May 1921 (see Expt. 8). The very large 
and conspicuous scarlet Eylals extendeiis Miill. was taken liere 
swimming about among the fish. I'he only other mite was 
Fiona conglohata Koch, wliich is very minute and is incon- 
spicuously coloured. Hy^Airydnis orains was unusually abundant 
in Kailway Ditch in May 1921. Tliis beetle is coloure<l bright 
orange below. It secretes a liquid when handled, which smells 
like honey and may make it distasteful. It is possible that the 
Mullerian mimicry included this beetle. Shelford (6) records 
Limnochares aquatica, which is a large scarlet niito and is unable 
to swim, as occurring abundantly in a pioneer association of 
Chara, in which were also many species of fish. Mr. Soar tells 
me that all the crawling Water-mites ai-e red, which supports the 
idea that they are warningly coloured, 

5. Discuss ION. 

Scarlet is ratl)er rare among animals, except in the tropics. 
Higgins (1) has suggested that it is due to tlie fact that red rays 
are more valuable (there being more energy per unit wave-length 
than in other colours of light), and are therefore usually absorbed, 
not reflected. It is more likely that the mreness of scarlet is due 
to its conspicuousness when seen against natural browns and 
greens (as in our own road-ti'affic warning signs). In any case, 
we generally fin<i that animals are scarlet only when there is 
some very important use for the colour. For the reason given 
above, it makes an excellent warning colour. It is possible that 
red can be seen from further away in water than other colours. 
This is known to be the case in air. 

Any protection gained from warning coloration and Mullerian 
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mimicry would be, of course, only relative. For instance Piersig 
'quotes Forbes, who found that fish did not entirely refuse to eac 
Water-mites, and gives as his own observation that Rmmtra 
seized and sucked mites without hesitation (3), but does not state 
whether these were the natural enemies of the mites. Before 
any generalization can be made about the colours of Water-mites, 
more information is required about their associations, together 
witli experiments in winch their natural enemies are used. 
Mr. Soar states that many mites vary in colour in<Uvidually a 
great deal (e, g. Fiona rufa Koch). It is quite likely that the 
colours of other mites than those described here may have some 
difterent signiticance. 

Tti conclusion it may be pointed out that many Land-mites are 
bright scarlet, and no experiments appear to have been done on 
them. 


0. SuMMAuy. 

1. Ecological observations are described which make probable 
the existence of warning coloration and Mullerian mimicry 
among cc'rtain species of H y<lra.chnidaB. 

2. KxporinKMits are dfjscribed wdneh show that these are 
distasteful to and recognized by Sticklebacks {Gasterosteiis 
aculedinf), 

3. Tliere is evidence that scarlet is the colour best remembered 
by tliese fish. This makes i.he evolution of such a set of 
!Miillerian mimics more easy t.o understand. 

4. Other evidence is given in support of these conclusions. 
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55. Notes oiv certain Crossopterygiaus, 

By Erik A : bon Stknbio, Upsala.* 

[Received September 18, 1922 : Rend November 21, 1922.] 

(Plate T.t ; Text-figures 1-6.) 

Introuuctiok. 

In the suunner of 1921, just a« my paper on the Devonian 
Ccelacanthpls from Wildmigen (Stensio, 1922 a) had been sent 
to press, tliere arrived at the UpsaJa Libr.iry an interesting 
description of Emthenopteroriy published by Hryant alrea<ly in 
1919, which accordingly could not l:>e dealt with in my paper just 
I'eferred to. A few months later there also appeared a very 
important paper by Watson on the organisation of the Coela- 
canthids (Watson, 1921). As many of the facts p\it forward by 
Bryant and Watson in these papers thiow new light on many 
questions, I have found it of interest to give here some of the 
views at which I have arrived, partly on the basis of these facts, 
partly by examining my own material of Crossopterygians. I shall 
begin with a dettuled description of what is known so far of the 
rieui’ocranium in Dlctyonosieim^ then turning to Ensthenopteron^ 
Porole^nff, and the CrelacMinthids. 

Djctyonosteus ARcncus Stensio. 

(PI. I. figs. 1-4.) 

The material of this fish to be de.scribed btdow has already 
been dealt with by me in a preliminary description in 1918 
(Stensio, 1918 h), and ha.s further been referred to in my memoirs 
on the Triassic fi.shes from Spitzbergen and in my paper on the 
Coelacanthids from Wildungen (Stensio, 1921; 1922 S, 1922 a, 
pp. 196-198, 204-206). It consists only of an anterior part of 
the primordial neurocranium with the dermal bones partly 
preserved. The part is large, measuring 21 cm, in length an<l 
indicating that the head of the fish to which it belonged must 
have attained a very considerable size. 


Primordial Xeurocranium, 

The occipital region is totally lacking, as is also the labyrinth 
region with the exception of a very short anterior part. The 
remaining two regions, the orbitotemporal and ethmoidal regions 
respectively, are as a whole rather completely preserved, though 
partly crushed and broken. 

The whole orbitotempoml region and the anterior part of the 

• ConimnuicRted by Prof. D. M. S. Watroit, F.R.S., P.2I.S. 
f For explanatian of the Plate, see p. 1S71. 
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labyrinth region that is preserved are occupied by an unpaired 
large bone, the sphenoid (Stensio, 1921, p. 56), while in the 
ethmoidal region there is found a paired bone, the exethmoideo- 
j>reethinoid (c/. Stensio, 1922 a, pp. 184-185). Both the sphenoid 
and the exethmoideo-preethmoid consist chiefly of cancellous 
bone, and exhibit no centres of ossification nor any radiate 
structure. 

We begin our detailed description with the sphenoid. This 
bone {Sph, text-fig. 1 ; PI. I. figs. 1-4) is high at the posterior 
end, but becomes rapidly lower forward, so that its height at the 
anterior end is only about a third of that at the posterior one. 


Text-figure 1. 



Diotj^otuistexis areticm Stensi<i. 

Anterior half of the neurocranium in lateral view. The lateral part of the ethmoidal 
region removed, as arc also tho lateral parts of the dermal bones of the cranial 
roof. Cartilage dotted. Somewhat more than a third of the natural size. 

MpethiUi exethmoideo-preethmoid ; Fi% frontal ; Psph, jiarasphenoid ; Sph^ 
sphenoid ; a.car.mf, canal for the arteria carotis interna; alsph^ alisphenoid wulst ; 
bp, basipterygoid process ; cn, orhito-uasal canal for vessels to or from or both to 
and from the nasal fossa; c.ophthMf, canal through the alisphenoid wulst for the 
11, ophthalmicus lateialis; ay, sulcus for the vena jugularis (dorsal end of the sulcus 
oulj' seen here); v.cerehr,ant, canal for the vena cerebralis anterior; I, olfactory 
canal; II, opticus canal ; III, oculoniotorius canal; IV, trochloaris canal; V, tri- 
geminus exit ; Vi, canal for the r. ophthalmicus profundus; Vll, the probable 
place of the facialis exit. 

The width of the bone taken as a whole is rather small, except 
at the postero-ventral part where the basipterygoid process (6/#) 
is situated. The posterior end of the bone seems to have been 
separated from the ossification, or the ossific^ition following next 
l>ehind in the labyrinth region, by a synchondrosis, and that this 
also has been the case anteriorly towards the exethmoideo- 
preethmoid is certain. 'Fhe former end is in side view angulated 
in the way shown by text-fig. 1, the latter, on the other hand, 
convexly arched. The cranial cavity extends forward through 
the whole length of the bone. 
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We can distinguish on the sphenoid an unpaired pars basalis^ 
which forms the floor of the ci'anial cavity, and a paired pars 
lateralis, issuing upwards from the pars basaliS along either 
of its dorso-lateral edges and extending upwards to the dermal 
cranial roof, forming the lateral wall of the cranial cavity. 

The pars bisalis corresponds in its whole extension to about 
half the height of the sphenoid, its absolute height thus being 
much longer at the posterior enrl than at the anterior one. From 
the anterior end it first diminishes in width backwards, so that 
some distance anterior to and below the opticus exit (II) it 
forms only a rather thin wall between the orbits (text*fig. 2). 
Behind this place it continually grows wider to the posterior 

Text-figure 2. 





Transxersal spotioii tlirougli the lu'uroci'antum a fshort distance anterior to the 
opticus exit. Cartilage dotted. Souiewlmt more than a third of the natunil 
iiize. 

iV, frontal ; parnsjdienoid ; sphenoid ; cv, cranial cavity. 

end, which is rather broml owing to the large basipterygoid 
process {hp) on eitlier side. The posterior surface is rather 
concave (PI. 1. fig. 3), probably in the same way as Watson 
(1921, p. 335) has found it to be in Megahchthys and in the 
Carboniferous and Pennian 0«elacanthids. In my description 
in 1918, when the specimen had not been cleaned from the 
matrix*, 1 came to the incorrect conclusion that this concavity 
was the fossa hypophyseos and the upper boundary of it the 
dorsum sellar (r/. 8tensib, 1918 6, p. 120; pi. iv. fig. 3; pi. v. 
fig. 1 ; pi. vi.). 

The ventral surface of the pars baealis is‘ straight and plane, 
and has been situated almost horizontally; the dorsal one, on the 
other hand, slopes rather much forwards, and is concave from one 
lateral side to the other — f. a,, it is somewhat grooved in a 
longitudinal direction. At about the middle of its length the 

* The eleanitig of the gpecimen from tlie matnx has b(?cn very difficult, and has 
taken a longtime, as the matrix was a very haixl ironstone. 
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latter surface suddenly deepens to a postero-ventrally directed 
fossa hypophy^eos, which extends iiearl}^ to the postero-ventral 
corner of the pars basalis {f*hyp, PI. I. fig. 2), where it is 
separated from the synchondrosis beliind the sphenoid only by a 
very thin layer of bone. So far as is known, the fossti hypo- 
physeos does not in any way open on the base of the primordial 
neurocranium or in the month. 

On either lateral surface of the pars basalis there is found, ns 
already mentioned, farthest posteriorly the large basipteiygowl 
process This process partly arises along the ventral, partly 

along the posterior edge of the lateial surface, and extends rather 
high upwards, ending dorsally with a truncated end. The 
process has a dorsal surface represented by a truncated dorsal 
end, a postero-ventral surface which has been attached to carti- 
lage, a ventro lateral surface against which the metapterygoid 
probably articulated, and an an tero- dorsal surface which, together 
with the lateral surface of the pars basalis just anterior to it, 
forms a rather shallow and indistinct fossa directed with its 
opening antero-laterally and sonu>wliat tloi sally. 

In this fossa there opens a wide canfil, \vl\ich perforates the 
pars Imsalis in a transverse direction below the fossa hypo- 
physeos to the corresponding fossa on the oi)posite aide. This 
canal {v.pit^ PI. I. figs. 2, 4) communicates wdtli the fossa hypo- 
phyaeos by a short but wide posteriorly directed hrancli, and, 
though it runs venti’ally of the posterior part of the fcxssa 
hypophyseos, must undoubtedly ho the canalis transversus, and 
have been pierced by the pituitary vein (Allis, 1914 ; ^1919 a ; 
cf, also Stensio, 1922 h). From its external opening in the fossa, 
described there a very distinct snlcns (s/, text-fig. 1 ; PI. I. fig. 4) 
leads upwards to the dorsal end of the bjisipt(*rvgoid process, a. 
sulcns which must have been developed for the jugular vein 
(<?/*. Allis, 1919 Stensiii, 1922?), he, cit.). Accordingly there 
is no doubt that this vein in its continuation backwarcls must 
have run dorsally of the hasipterygeid process. 

Immediately in front of the hasipterygoid ])roceas of either 
side tliere is found close to the ventral edge of the lateral surface 
of the pars basalis a large oval foramen (a.car,iiit, text-fig. 1 ; 
PI. I. figs. 1, 2, 7) apparently leading into a vertical canal 
ascending to the cranial cavity. This canal, which must be the 
canal for the arteria carotis interna, ought to have entered the 
cranial cavity not far anterior of the fossa hyf)Op])yseos, between 
this and the opticus exit, and thus quite in the normal way 
{cf, Allis, 1897; 1909; 1911 h; 1912 h; 1914; 1919 a'; 
Allen, 1905 ; Danforth, 1912; Stensio, 1922 h). 

The partes la,terales of the sphenoid (text-figs. 1, 2; PI. I. 
figs. 1-4) do not diverge much from one another upwards, thus 
occupying an almost vertical position. Anteriorly they are 
rather thin, but they grow slowly thicker backwards. Along 
their dorsal margins, too, they are partly thin, and so developed 
as to show that the roof of the primordial neurocranitim in the 
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orbitotemporal region, apart from possible fontanelles, must have 
been cartilaginous (<?/! text-fig. 2). 

Each of the partes latemles has a somewhat conceive posterior 
edge, which faces postero-dorsally. This edge also is so developed 
that iu part it cannot have been in contact with cartilage, but 
must have l>eeu free, forming the anterior boundary of a great 
foramen (v, text- tig. 1). This foramen must, as comparisons 
with JMplocercldfis make clear, be the trigeminus foramen, which 
thus has been situated in the dorsal part of the syncliondrosis 
between the sphenoid and the ossifications in the labyrinth 
region {cf, Stensio, 1922 a). 

Along the posterior edge erich pars lateralis has on its lateral 
sui’face a rather broad but \vell-marko*l “ wulst,” whioli extends 
from the upper edge of the pars lateralis downwards and 
somewhat backwards to the upper end of the basipterygoid 
process. This “ wulst ” {ahph, text-fig. 1; PI. I. figs. 1-4), 
which I have called ihe aJisphenoid wiilst (Stemsib. 1922 a, 
pp. 180, 19()~197 ; 1922 h\ is perforated close to the dorsal end 
by a horizontally running canal (c.opkthM^ text-fig. 1 ; PI. I. 
figs. I -4), whicii has its posterior opening on the posterior and 
its anterior opening on the anterior side of the wulst. At the 
anterior edge of ilie ventral part of the wime w’nlst,some distance 
above the basipterygoid process, there is found the outer opening 
of a canal (V,, text' fig. 1; PI. I. figs. 1-4). leading backward, 
iinvard, and soinewimt medially to the cmnial cavity. 

The division of the oranial cavity enclosed in tlm sphenoid is 
comparatively narrow throughout its extension (text-tigs. 1,2; 
Pi. I. fig. 3; rf, also Stensid, 1918 />, pi. v. figs. 2. 3). While 
its lieight decreases gently forward, its width, oii the contmry, 
seems ratiier to grow somewhat larger towards the anterior end. 
Owing to the ooiKsiderable height of the pars basalis of the 
sphenoid, the division of the cranial cavity in question, with the 
exception of the largo fossa hypophyseos, is situated totally in the 
dorsal half of the neurwranium, and it is evident that the 
division next behind in tlio anterior half of the labyrinth region 
also had a similar high position. 

From the shape of the division of the cianial cavity just 
described, we can conclude >vith gi*eat probability that the 
telencephalon was long and rather high, and that the ventral 
parts of the diencephalon were strongly developed Thus the 
anterior divisions of the brain of the fish must have resembled 
the corresponding ones in the recent Ceratodus^ at least with 
regard to tlieir general shape {cf. Bing & Biirckhardt, 1 905). 

The trigeminiis branches proper, except the r. ophthalmicus 
profundus and the lateralis branches accompanying these (or 
perhaps their roots), have left the cranial cavity through the 
foramen already referred to, which must be supposed to have 
existed in the upper pai*t of the synchondrosis between the 
sphenoid and the bone or bones following next behind in the 
labyrinth region. The position and probable size of this foramen 
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ara seen in text-fig. 1 (V). After their exit through this foramen, 
tlie , trigeminus brandies proper, accumpaiiied by tlie n. buccalis 
latemlis, Imve evidently parsed forward to the o)*bit laterally of 
the alisphenoid wulst and dorsnlly of the basipterygoid process; 
while the n. oplithalinicus lateralis immediately took a more 
dors^il course, entering the can^il (c,ophihJaL) in the doisal part 
of the alisphenoid wulst and, soon after having left this, reaching 
the roof of the orbit. As the canal (c.ophth.lat,) lias a rather 
small calibre, it seems to me most probable that the r. ophthal- 
micus superficialis did not pass through it, but ran independently 
of the n. ophthalmicus lateralis as it does in Sturgeons and 
certain Siluroids, and as it certainly did also in Saurichthyids 
{cf» Stensiii, 11)22 6; Workman, 1000, pp. 404-407; Herrid^, 
1901, pp, 201-203). The r. opiithalmicus jvrofundus trigemini 
or a somewhat equivalent nerve must apparently have been 
formed already within tlie cmnial cavity, from where it pierced 
the pars lateralis of the sphenoid independently of the other 
trigeminus brajiches (or their roots) through the canal described 
above (cf. Stensid, 1921, pp. 58-59, 93, 169-170 ; 1922 p. 1H3 ; 
1922 6). 

TTie exit of the facialis nerve must, so far ns one can judge, 
have been situated somewhat })ostero-ventrnily of Ibe trigeminus 
exit, HO that the r. palatinns facialis in its way downwards and 
forwards must have run first posteriorly and then ventrnlly to 
the basipterygoid process before it reached tlie orbit {cf, Allis, 
1919 ; 8tensid, 1922 a). 

Of the exit of the n, abdiiceos nothing is known with certainly, 
but the nerve may perhaps have h*ft the cranial cavity through 
the trigeniiiuis foramen {cf, Stensid, 1022 h). 

The olfactory nerve has from tlie anterior taid of the cranial 
cavity, as w^e shall see, entered an antero-ventro-Iaterally running 
canal in the ethmoidal region. 

The opticus has left the cranial cavity far forv\ard. It jier- 
forated the pars latoialis of its side somewhat anterior of the 
middle of the length in a downward and forward tlirection, and 
has reache<l the orbit stiikingly lov\ (IJ. text-fig. 1 ; PI. I. 
figs. I, 2, 4) immediately dorso-cau dally of tlic- thinnest part of 
the pars liasalis of the sphenoid. 

Horaewhat behind the opticus exit, lint only slightly liigher 
than this, is found an oval foramen, wliich undoubtedly trans- 
mitted the n. ocnloniotorius (III. text- fig. I ; PI. 1. figs. 1, 2, 4). 

High up, rather near the ciani{)l roof and n[)pioximately 
midway betw’een the opticus and oculoinotorius exits, is found 
the external opening of a fine canal (I\", text-fig. 1 ; PI. 1. 
figs. 1, 2, 4), which must undoubtedly have transmitted the 
n. trochleavis. 

A rather wide canal (t?.cere6r.an<, text-fig, 1; PI, I. figs. 1,2), 
which is situated high up anterior of the opticus and trochlearis 
exits, must probably have been traversed by the vena cerebralis 
anterior {cf, Stensici, 1921, pp. 168-169) on its way to the orbit* 
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This canal was considered by me in 1918 as the trochlearis canal 
(8tensid, 1918 6), a view wliich must be incorrect in the light of 
the facts now known. 

At the anterior end of the sphenoid, in the suture between 
this and the exethmoideo-preethnioid, a rather wide canal 
text-fig. 1 ; PI. I. figs. 1, 2) is found which leads forwards to the 
olfacfcorius cirnal, and which undoubtedly has contained vessels 
to and from the nasal pit (cf. Stensi'j, 1922 h). Perhaps it may 
also have been in some relation to the ])oints of origin of the 
musculi oblicjui of the eye. 

The arteria carotis externa must, so far as one can understand, 
already liave been sent out from the arteria carotis communis 
behind the basipterygoid pi'ocess, and has probably run upward 
approximately as far as to tlie facialis exit, then turning forward 
and continuing dorsally of the basipterygoid process to the orbit. 
The arteria carotis interna, after its origin behind the basi- 
pterygoid process, must have inn forwai-d ventially to this 
process and laterally to the parasphenoid to its ascending canal 
described above in tne sphenoid. The position of the ventral 
opening of the ascending canal in relation to the nerve exits is 
seen from text flg. 1 and PI. 1. fig.s. 1, 2, 4. The vena jiigularis, 
after arriving at the doisal eint of the l>asipterygoi<l process, 
must liave passed backward dorsally of this process, as already 
pointed out, then continuing backwards between the trigeminus 
and facialis exits. 

There is evidently no trigeinino-facialis chamber and no 
myodome iu the fish. According to the course of the nerves and 
vessels, the basipterygoid process with its an tero- ventral parts 
undonhteilly corresponds to certain posterior parts of the ha&i- 
pterygoiil process in Jih^geria, with its dorsal parts on the otlier 
hand, corresponding to the basipterygoid process of the Coila- 
caiitliids (cj\ Stensid, 1922 a, pp. 205- 206; 1922 cf, also 
pp. 1 259-1 2()() below in the present paper). 

The ethmoidal region rapidly decreases in height fovwiirds, 
becoming very low at the anterior end. It is mainly occupied 
by the paired Axethnuudeo-preethnioid, oidy certain smaller 
anterior and dorsal being cartilaginous. At the postero^ 

medial part the exethmoideo-preethmoid is separateil from 
the sphenoid by a short synchondrosis, as already pointed out 
above. In the posterior two-thirds of the length its plane 
ventral siirfiwe is covered by the panusphenoid. Its lateral 
surface is accessible for investigation only in the anterior parts, 
being otherwise concealed by remains of vci y fractured dermal 
bones. 

As already mentioned, the exethmoideo-preethmoid is traversed 
by the rather wiile canal for the n, olfactorins (1, text-fig. 1 ; 
PI. I. figs. 1, 2), which runs forwards, clown wards, and laterally. 
The large anterior opening of this canal is incompletely sub- 
divided into a postero-doi’sal division situated at the aiiterior end 
of the lateral surface of the region and an antero-medial division 
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situated on the ventral surface of the region, the former of 
which represents the external, and the latter the internal, nasal 
aperture. In the present state of preservation, dermal bones 
form the direct boundary of the external nasal aperture on the 
dorsal side and of the internal nasal aperture anteriorly, but it is 
conceivable that in the fresh specimen these walls of the two 
nasal apertures consisted, at least in part, of cartilage. 

The r, maxillaris trig^ini and the n. lateralis buccalis ought 
as usual to have had their course along the ventral edge of the 
lateral surface of the ethmoidal region, but owing to the im- 
perfect state of preservation of these parts of the region it has 
not been possible to discover wliethei* a distinct sulcus was 
developed for them as in several other fishes (Stensio, 1921, 
p. 94 ; 1922 h). For the same reason it has not been possible to 
establish anything with regard to the articulation facet for the 
anterior end of the pala.to(|ua(lrate. 

From the facts put forward here it is easily seen that the 
exefchmoideo-preethmoid is so developed tliat it represents both 
the exethmoid and preethmoid (r/. Btensid, 1921, pp. 93-94: 
]922«, pp, 184-186). 

Dermal Bones of the Primordial Nearocranium, 

The parasphenoid {Psph, text-figs. 1, 2; PI. I. figs. 1, 2, 4 ; 
Stensid, 1918 6, pi. v, fig. 1) is imperfectly preserved at both 
ends. The preserved parts of it cover the whole ventral surface 
of the sphenoid and the veT:tral surface of the exethinoideo- 
preethmoids in the posterior two-thirds of their length. It thus 
cannot have extended much farther forward, and it is also 
conceivable that only a rather small part is lacking at its 
posterior end. There is no processus ascendens. I^h«. centre 
of ossification is clearly distinguishable, and situated midway 
between the posterior and anterior ends of the hone. At this 
place and for some distance forward and behind it the hone is 
much broader tlian the ventral surface of the sphenoid, so that 
it projects here with a free lateral part on either side of this 
(text-fig. 2). 

Just at the centre of ossification a rather fine median, unpaired 
canal opens on the ventral surface of the parasphenoid. The 
canal perforates the parasphenoid obliquely upwards and back- 
wards, then continuing backwards between this and the ventral 
surface of primordial neurocranium towards a place between 
the ventral openings of the internal carotid c-anals. The 
canal ought, so far as one can judge from the conditions in 
Amia (Allis, 1897, pp. 020^621 ; pi. xxxvi. fig. 61 ; pi. xxxvii. 
figs, 62, 63), to have l^en traversed hy the anterior branches of 
the rami palatini of the facialis nerves, which ought to have 
accompanied the internal carotid arteries when these entered 
between the sphenoid and the ventral surface of the primordial 
neiirocranium. Possibly the canal in question for the anterior 
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branches of the rami palatini also transmitted branches from the 
internal carotids. 

If we imagine that a processus ascendens homologous with that 
in the Teleosts {cf, Stensib, 1922 6) was fleveloped on the para- 
sphenoid of Dictyonosteus^ this process ought to have issued fix)m 
the stretch of the bone situated between the hind end and the 
anteiior l)order of the internal cai*otid canal and the arteria 
carotis interna, and tlie n. palatinus facialis would thus have 
come to run medially of it between it and the ventro- lateral parts 
of the basi pterygoid process. 

Of the vomer nothing is preserved in the specimen. 

Tlie arrangement and shape of the difterent hones in the part 
preserved of the dermal cranial roof is seen in text-fig. 3. The 
bones were described by me in 1918, and especially later in 
connection with my account of the Ooelacanthids from the 
Trinssic of Spitzbergen, and I have here nothing of interest to 
add to these descriptions (Stensib, 1918 6, pp. 11(M18; 1921^ 
pp. 13;i-i:i4). 

In the present state of preservation of tlie fish the external 
nasal aperture is bounded directly on the dorsal side by the 
two (interior nasal elements and a rostral, while the external 
boundary of the internal nasal aperture is probably formed by 
the premaxillary an<l the rostrnl elements behind this. 

Sensory Camds of the Heath 

The infraorbital canal anastomoses on the snout with its fellow 
of the oj)}»OMte side in a well -developed ethmoidal commissure, 
which is situateil in the rostral elements. The supraorbital canal 
traverses the dermoKsphenotic, the lateral part of the frontal, and 
the three nasal elements, from the anterior one of whicli it enters 
the rostral plate situated next to the median line, there anasto- 
mosing witli the infraorbital canal. 'Flie exact course of the 
supraorbital canal is clearly seen in text-fig. 3. 

Of the numl)er of sensory canal organs and tuhuli nothing is 
known so far. 

As we shall see from the subsecjuent description, the sensory 
canals on the snout in Porolejtsis run exactly like those 
in iJlctyonosteus. 

Eitstiiknopterox FORDi Wluteaves. 

Tiie material of this fish at my tlisposal consists of two small 
specimens collecteil by Professor P. I). Quensel, Stockholm, 
during his journey to Canada in 1913, and which were kindly 
presented to the Pateoiitological Institution at Upsala. 

The two sj)ecimeiis are well preserved with regard to the 
dermal bones, but exhibit on the other hand hardly anything of 
the primordial neurocraiiium. My account of this below is 
therefore based exclusively on the description published by 
Bryant 1919 on the material in the Buffalo Museum. 
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Primordial Nenrocranium. 

The geneial shape of the primordial neurocratiiiim is almost as 
in (Stensio, 1922 a). The degree of ossification is, 

however, evidently much less than in this. 

*^The basioccipital and the paired lateral occipital described by 
Bryant are both rather thin, and it seems very probable, under 


Text- figure 3. 

PHlIS 



Diefi/onostetts arcfieus Stensio. 

The anterior part of the cranial roof. Sensory canals with dotted lines 
and shading. From P. 355. 1 2. 

Antif anterior antorbital element; AiUzt posterior aiitorbital element; Dtph, 
dermosphenotic (dermal postfrontal); -Fr, frontal; Jr, iuterrostral ; .Nai-iVas, 
nasal elements; Pmxj premaxillary; anterior j)()htrostral element; P<ra, 

posterior postrostal element; P, rostmls; So^ supraorbital s ; na, external nasal 
apertui'C ; orb, orbita ; y, accessory bone-plate. 


the presumption that Bryant’s text-fig. 56 is correct, that they 
did not directly bound eifcher the chorda, which certainly 
•extended into the basis cranii for some distance, or the cranial 
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cavity, but that the medial parts of the lateral and ventral walls 
of the occipital region consisted of cartilage. Expressed in 
another way; the ossification in the occipital region probably 
occupied only the external parts of tlie region, while the inner 
ones were cartilaginous. The basioccipital has a ratlier con- 
siderable extension forward, and actually lies with more thrm 
its anterior half in the labyrinth region. There cannot, how- 
ever, be any doubt of its homology. The lateral occipital is 
striUingly high, extending from the basioccipital below nearly 
to the dermal cranial roof dorsally (Bryant, 11)19, text -fig. 3), 
tiius partly occupying the position of the siipraoccipital, which 
acconling to Bryant is totally lacking. 'Flie Lateral occipital is 
said by Bryant to be perforated })y a fine canal, but as he does 
not describe the course of this canal, one cannot decide with full 
certainty whetfier it is a canal for a dorsal branch from the 
II. linece lateralis oi* the \ agus canal, although the latter alternative 
seems to bo t\\o more probable one. If liowevcr, the canal 
sliould reveal itself to iiave transmitted a don^al branch of the 
II. liueai lateralis, the vagus nerve must I)av(‘ perforated the 
lateral wall of the primordial nourocraniurn i in mediately anterior 
of the lateral occipital. 

in cither lateral wa'd of the labyrinth region of *the fish, Bryant, 
1919, ]). 18, descrilies live ossitications. One of these ossifications 
he calls tlie [iro-otic, anotlier the opistliotic. The tlivee remaining 
ones he consider^ it jlnpo^sihle to identify, and accordingly he 
does not name them. 

Th(‘ dt‘soiiption wliii^h Bryant gives of the pro-otic is not 
suflieient to make fully cle.ar the shape and actual extension of 
tlio lione. As 1 understand his aecount, the pro otic is a rather 
low bone {cf. his text-fig. 5 a and pi. ix. fig. 3), which does not by 
far extend to the cranial roof dorsally. It is [)f*rforated by a 
canal, one of the openings of which is situated approximately at 
the middle of the length of the hone just at the hoimdary 
between its ventral and lateral surfaces or pet haps on the 
ventral surface, though clo.so to the lateral edge (cf. Jlryant, 
1919, text-fig. 4; pi. ix. fig. 3; pi. xiv. tigs. 4, 5). The canal 
is considered by Bryant to have transmitted the n. facialis (he 
evidently means tlie truncu.s hyoideo-inandibularis of this nerve), 
hut he gives no statements either im to its course nor as to 
the position of its other opening, and the facts .so far known do 
not seem to support this view. As far as can he judged from 
the conditions in recent fislies, the canal seems most probably 
to have been <1evelo])ed for the cavotis externa on its way 
upwards from the cranial basis to approximately tlie height of 
the trigemiuiis and facialis exits (qf. Allis, 1897. pp. 497-500; 
1908, pp. 219-221 ; 1909, pp. 51-53, 185-187; 1911 a, pp. 284 - 
287; 1914; 1919e»; Allen, 1905, pp. 51-56; Danforth, 1912, 
pp. 435-442 ; Stensio, 1922). Thetrunciis hyoideo-mandibularis 
ought not to have run so strongly downwards tliat it can be 
thought to have pierced the canal. 
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The exact position of the pro- otic of Biyant’s description in 
relation to the sphenoid is not clear, hut it seems to me very 
probable that its anterior end in the fresh specimens ought to 
have been situated much more ventially than it has been drawn 
in his text-hg. 5, and at the same time also closer to the sphenoid 
than in this text-fig. The bone actually seems to me to corre- 
spond only to the basal parts of the corpus of the prootico- 
opisthotic in post-Devonian Cmlacanthids (c/. Stensid, 1921,pp. 55, 
120-121 ; 1922 a, pp. 199-201). 

The “small quadrangular bone,*' which according to Bryant is 
attached by suture to the outer and binder marginsof the pro-otic 
and which extends nearly vertically upward to the cranial I'oof 
(Bryant, 1919, p. 18), must evidently correspond to some dorstd 
jmrt of the corpus of the prootico-opisthotic in the post-Devonian 
Cmlacanthids. The description and the figures given by Bryant 
have failed to convince me that the bone is independent, and 
I cannot help suspecting that in reality it may be simply a 
broken dorsal part of the pro-otic. 

The bone which Bryant interprets as the opisthotic, much 
resembles, as he points out (p. 18), tiie opisthotic in certain 
Stegocephalians, and undoubtedly represents an opisthotic t(> 
some extent. 

The two remaining bones of the region, which fU'e both 
small, are imperfectly known, and it is not possible to decide 
whether they ai'e broken parts of the otlier bones or not. 

Ill the anterior Inilf of the bottom of tlie labyrinth region there 
is in the present state of preservation a large opening bounded by 
the basioccipita.1 behind, by the sphenoid anteriorly, and by the 
pro-utics laterally. This opening, which occurs also in C’ada- 
cantliids (Stemsio, 1921, pp. 58, 12i ; 1922 a, pp. 175, 202), nppn- 
rently must ha.ve existecl in J)icij/oiwstem too. It iS sitnateil 
entirely behind the hypojihy.sis, was probably traversed by the 
anterior end of the chorda, and corresponds faii’ly Avell in its 
position to the fenestra basicraiiialis posterior in the embryos of 
reptiles (Gaupp, 1905, pp. 663, 757-760, figs. 382, 383; Allis, 
1919 c; Btensib, 1922«, p. 202). In tho fre.^h specimens it was 
probably at least to a great extent filled by cai-tilago. 

That it cannot be the fossa liyjiophyseos, as Bryant pre- 
sumably means (pp. 18-19), is fully evident from the conditions 
in Dictyo Hastens and the C(jelacanthi»ls. 

T}»e orbitotemporal region and the antero ventral end of 
the labyrinth region are occupied by a large unpaired bone, 
the sphenoid, which is on the whole very similar to tliat in 
Didyonosteus (cf, pp. 2-9 above). Thus its general shape is 
as in the latter fish, and it has a paired basipterygoid 
process and a paired alispjienoid wiilst situated in the snn*ie 
way as in this fish {cf, Bryant, 1919, text-fig. 5 and pi. ix. figs. 
2, 3), and tlie division of tlie cranial cavity enclosed in it as 
well as sevei'al of tho canals piercing it are in the main as in 
this. On the other hand, if Bryant^s account is correct, it 
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extends, contrary to that in Dictyoiwsteiis^ far forward in the 
etlmioidal region, thus probably ineliuling in its anteiior parts 
the homologues of the exethmoideo-preetlimoids {cf, pp. 9-10 
above). Bryant’s account of the anterior parts of the bone 
is, however, very incomplete, and as in addition the figures 
he pul)]i.slies are not very distinct and lack lettex\s of reference, 
it is impossible to understand how the conditions actually are 
there. 

In accordance with the conditions in Dictyonoetem and 
Diplocercides the n. trigeminus must have pierced the carti- 
laginous part of the cranial wall just behind the dorsal half of 
the sphenoid. The exit of the n. facialis has probably been 
situated somewhat moje postero-ventrally, though also in the 
cartilaginous part of the cranial wall behind the sphenoid (c/. 
Stensid, 1922 a). 

If my opinion, just given, with regaid to the position of the 
trigeminus and facialis is correct, it follow's from this that the 
small cartilage bonethat is seen in Ibyaiit’s text-hg. 5 immediately 
beneath the dermal cranial roof some distance behind the 
sphenoid would he homologous wdth a dorsal part of the j)iocess 
letteretl /, by mo in the post-Devonian Cadacanthids (Stensid. 
1921 ), ami the corresponding antoro-dorsal part on either side of 
tlie compound occipitodabyrinth ossification in JDiplocercidea. 
I’his small cartilage bone is, however, so far as 1 can find, not 
mentioned by Ib’yant in his description. 

The upper part of the alisphenoid wuilst is pier(‘ed by a 
horizontal! canal for the n. ophthalmicus lateralis, exactly as in 
I)i€ti/ot(oslens. The anterior opening of this canal is seen in 
Bryant’s text-fig. 5 and also, though less distinct, in his pi. ix. 
lig. 3. The presence of this canal is undoubtedly a strong 
support for my view% given above, as Ix) the position of the exits 
of the n. trigeminus and the n. facialis. 

Tlie canal w'hicli is stated by Bryant to open in a recess on the 
external surfaces of the sphenoid just anterior of the basiptei ygoid 
]>rocess, must evidently have transmitted the pituitary vein. 
According to Bryant it leads forwaids to a “ chamber ” on the 
f>ostei'ior basal part of tlie sphenoid — a “ chamber wdiich is said 
to be open behind and which, wdih some doubt, is taken to be the 
anterior end of a myodome. Tliat the “chamber,” w’hich in 
another place is termed by him a “ pocket,” cannot be a part of 
a mvodome is evident, and it is quite certain that no pO’^teriur 
myodome was developed, but that the conditions were as in 
Diciyonosteus in this respect. If the statements given by Bryant 
were correct, the “chamber” in question w^ould therefore be thc^ 
ventral part of tlie fossa hypophyseos. As, however, as far as can 
be judged, it is very wide, I feel inclined tc^iiink that Bryant may 
have made a similar mistake as 1 did in 19l8 when describing the 
coitesponding part of the sphenoid in Dictyomsteus {cf. p. 1242 
above). I thus rather fear that in the “chamber” w'e aie 
pROO. ZooL. Soc. — 1922, No, LXXXIII, 83 
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concerned simply with the concavity filled with stone in the 
posterior end of the pars basalis of the sphenoid, and that the 
canal for the pituitary vein actually does not open there, but 
runs somewhat in front of it, ventrally of the fossa hypo- 
physeos, exactly as it does in Dictyonosteus, 

The foramen seen in Bryant’s figures some distance in front of 
the uppor end of the basipterygoid process at about the middle 
of the height of the sphenoid corresponds approximately to the 
external' opening of the oculomotorius canal in Dictyonosteus^ 
but a certain interpretation of it is not possible, as we do not 
know the course of the canal leading medially from it, nor 
several of the other canals of the region. It actually seems to 
have a position somewhat too far anteriorly to be the external 
opening of the canal for the ramus ophthalmicus profundus 
trigemini and, on the other hand, too far back to be the external 
opening of the opticus canal. 

The foramen which in Bryant's figures is seen in the anterior 
part of the sphenoid niay probably be the external opening of the 
opticus canal. This interpretation is specially supported by tho 
fact that the eye has been sitnate<l far forward. 

No other foramina or canals that can be thouglit to liave 
transmitted the n. trochlearis, the r. ophthalmicus profundus 
trigemini, the arteria carotis interna, and the v. cerebral] s 
anterior are described by Bryant, nor are any finals of this sort 
clearly discernible in the figures he gives of the different 
specimens, though they must of course exivst. 

As is evident from the facts given here, the vena jugularis, tht‘ 
r. palatinus facialis, and the internal carotid artery must in 
relation to the basipterygoid process have had the same course as 
in Dictyonostetcs, 

Of the primordial skeleton of the ethmoidal region of the 
fish there is notliing to be added to what Las already been 
written above (p. 1253). 

Dermal Bodies of tlm Primordial IU’e^vrocramum . 

The parasphenoid is, according to Bryant's description, 
developed in the same way as that in Dictyonosiem and 
Sauripterus {cf Eastman, 1917, pi. vii. fig. 5), but is much 
more narrow than in these two forms. In my specimens there 
are only fragments of it preserved. It is noteworthy that it 
seems to be very firmly connected with the sphenoid. Tho 
paired vomer seems to show the normal conditions. Nothing 
of it is seen in my specimens. 

If, after these short remarks on the bones of the ventral 
surface of the primordial neurocranium, we turn to those of 
the dorsal one (text-fig. 4), it is clear at once that Bryant has 
correctly recognized the extrascapular bones, the parietal, the 
supratemporal and the intertemporal, and it ought also to be 
added here that the sutures between the extrascapular bones 
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mutually and between these and the bones in front are more 
correct in Bryant’s text-fig. 2 a than in the restoration pub- 
lished by me in 1921 (Stensio, 1921, text-fig. 57) ♦. 

Between the anterior end of the intertemporal and the postero- 
lateral corner of the frontal there is in my specimens a very 
distinct small dermosphenotic (Dsph, text-fig. 4), and I also find 
from pi. V. fig. 2 and pi. iii. fig. 2 in Bryant’s paper that the 


Text-figure 4, 

ft JVnx 



Kusthenopteium fordii Whiteaves. 

DemuU crauiul roof. After a specimen belonging to the I^ilieontological Institution, 
Upsaln. The sensory canals marked with dottinl contours and shading. 1,1. 

Anf, nntorbitnl; Vaph^ dennospheiiotic ; JKr^, lateral extrascapiilar; JS:d,m, 
meilinii eactrascajmlar ; JV, frontal; ff, intertemporal; La, lacrvnial; Jir.r, maxil- 
lary ; Ka, nasal ; Pa, parietal ; Pnuv, premaxillary ; Ptr, postrostral ; JR, rostrals 
and inteiTostruls; So, supraorbital ; Sfemp, supratempoinl ; ife, infraorbital sensory 
canal; Ic, cephalic portion of the main lateral line; mp, groove indicating tho 
position of the middle head line of pit organs; na, external nasal aperture; orb, 
orbital entrance ; pp, gwove indicating the position of the pOssterior head line of pit 
organs; soc, supraorbital sensory canal. 


same bone was an independent element in the specimens investi- 
gated by him. Its exact possition and relation to the sensory 
canals is shown in text-fig. 4 and in my restoration published in 
1921 (Stensib, 1921, text-fig. 57), and will be further dealt with 
below in the account of tlie sensory canal system. 

The frontal in Biyant s restorations thus has a too large 
extension postero-laterally. The pineal foramen between tlie 
two frontals is not distinct in my specimens, though I can 


* This was due to the fact that my restoration was made after a specimen 
showing the innor surfaces of the bones. 

83» 
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conclude with the guidance of Bryant^s figures where it must 
have beeji situated* 

The bone which is held by Bryant to be the postfiontal is 
clearly seen to consist of two indepoiident bones in both my 
specimens (text-fig. 4), and I also find there that the posterior 
one of these two bones, which is undoubtedly a compound 
supraorbital (so), extends so far backwards as to meet the 
anterior end of the dermosphenotic. The anterior bone (Ant), 
on the other hand, is situated mainly aiiteiior of the orbit, 
forming the anterior boundary of the entrance to this, and is 
certainly to l)tj interpreted as an antorbital bone. In the main, 
the supraorbital and the antorbital are correctlj^ drawn in my 
restoration published in 1921 (8tensid, 1921, text-fig. 57 ; the 
suture line between the nasal and antorbital has fallen away on 
the left side of this figure). 

The postrostral elements of the fish have fused ton r.ather large 
unpaired plate (P^r, text-fig. 4), as described by Bryant (called 
by him iiittTfi ontal), and my restoration in 1921 (text-fig. 57), 
is thus incorrect in this respect. 

The paired nasal bone is well seen in one of my specimens. Tt 
is situated along the lateral edge of the postrostral plate, 
extending forwax^ls to the anterior end of this plate, backwards 
on the other liand sornewha-t farther (Xa, text-fig. 4). Its length 
thus exceeds that of the postrostral plate. The breatlth is rather 
small, and constitutes only about one-half of the length. Tln*ough- 
oiit its length the bone is pierced ))y the supr.aorbital sensory 
canal. My restoration in 1921 thus showed c*i)rreet]y its 
approximate sliape and relations. It is also noteworthy in this 
connection that the left nasal bone of the specimen a (‘tna 11}^ seems 
to consist of two or three independent elements, tin* c.>uditions 
thus much resembling those in Dictyottosieu!^, 

That the shape and extension of the n;nal hone in Bryants 
’ restoration (his text-fig. 2a) must be incoirect is thus evident. 
That this is the case is also seen from pi. iii. fig. 2 in Bryant’s 
pa-per in question, whei'e the hone is rather well displayed in 
ventral aspect and shows a longitudinal rounded ridge caused by 
the sensory canal in it. 

Anterior to the postorbital plate and tlie nasals, I fiml in the 
smallest of my specimens (the one that lias the nasals well 
displayed) fragments of a tj'ansvei*se series of bone-plates, which 
are the rostrals and prolmbly also the interrostrals, and finally 
anterior to these the rather narrow premaxillaries. "J’lie number 
of the rostrals and interrostrals cannot be ascertained, and it is 
also impossible to make out anything as to the exact shape either 
of any of these bones or of the premaxillaries. A rostral plate 
is also olxserved by Bryant (p. 9). That he has not seen more 
of these plates is easy to explain, as they are very difficult to 
observe and in larger specimens have ])erhaps fused more or 
less intimately with the premaxillaries or other neighbouring 
bones. 
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Dermal Danes of the Cheek. 

The dermal bones of the cheek posterior of theorldtal entrance 
seem in the main to he coiTectly desciihtd by Bryant. In my 
specimens 1 can clearly observe the postorbital, the jugal, the 
squaiimsal, and the pieopercnlar element, 1'he jugal ouglit, 
|.)erhtipvs, to have a larger extension forward beneath the orbital 
entianee than Bryant has given it in bis lestoration (his text- 
hg. 2). 

Visceral iSkeleton. 

^Tbe visceml skeleton is badly preseived in my specimens, but 
I find, however, that Bryant is correct in dislinguishing a, dern.o- 
pnlatine (termed palatine by him), an ectopteiygoid, and an 
entopterygoid. 

The Sensory Canals of the Uead. 

The seiisoiy canals proper form closed canals in the bones, and 
open outwaids with tubuli in the normal way. As the bones are 
usually thickeneil on the inner side along the semsorv canals, the 
course of these canals can be rather well traced without prepara- 
tion in tl)ose cases where the bones disjday their inner surfaces. 
This is jiartly finely shown >)y certain of Biyant's figures, e. g, 
pi. iii. fig. 2 ; pi. v. ligs, 2, 3. At least inoht of the structures 
described liy Bryant Jis sensory canals proper are grooves indi- 
cating the position of lines of pit organs, as we shall see from the 
subsequent account. 

The supraorbital canal (soc, text-fig. 4) is very well preserved 
in iny specimen nearly throughout its lengtli. Its posterior end 
is situated in the dermosphenotie, where it anastomoses with the 
infraorbital canal. From tliere it runs foi^vavti tiirough tlie 
lateral part of the frontal, and then pierces the nasal in a longi- 
tudinal direction. Fiom the nasal it must Jmve entered one of 
the lateral rostral plates, in which it probably anastomased with 
the infraorbital canal of its side. The sensoiy organs in it Ijave, 
as far as one can judge, been comparatively few, ns the foramina 
for nei've-hrancbes through its lower wall are comparatively few 
{cf Allis, 1 889, pi. xlii. ; Cole, 1898, pi. xxii.; Herrick, 1899, 
ph xvii. ; 1901, pi. xiv., etc.). 

The infraorbital canal [(//c, text-fig. 4) : defined ns in my 
memoir on the Triaasic fishes from Spitsbergen ; Stensid, 1921, 
p. 103] has its posterior end at the hounclary between the 
supratemporal and intertemporal. In its course forward it 
pierces first the intertemporal, then enters the deimosphenotic, 
ill which it anastomoses with the posterior end of the supraorbital 
canal, as mentioned in the description of this region. Just at this 
anastomosis it turns laterally, and continues laterally and down- 
wards on the cheek, where it pierces the postorbital, the jugal, 
and certainly also the lacryma). It probably was in communi- 
cation with its fellow of the opposite side through an ethmoidal 
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commissure, nnd it is also conceivable that its anterior parts 
anastomosed with the anterior end of the supraorbital canal as 
pointed out above, but it is not distinctly preserved anterior of 
the orbit in my specimens. 

In the jugal there issues from the infraorbital canal a jugal 
canal {jx, text-fig. 4), which runs backwards and downwards to 
the squamosal, in which it continues to the postero-ventral 
corner. In its further course this canal must have entered the 
quadratojugal, if the restoration of this bone given by Bryant is 
correct. As the most postero-ventral part of the canal seems to 
be homologous with a ventral part of the preoperculai* canal (c/. 
Stensiii, 1921, pp. 7G-77), the quadral.ojugal ought to comprise a 
pi’eopercular component \cf. Pearson, 1922, pp. 56-58), 

A true preopercular canal is not developed. Tlie mandibular 
canal is not clearly seen in any specimens. 

The cephalic portion of the main lateral line (Zc, text-fig. 4) 
has its anterior end at the boundary between the supratemporal 
and intertemporal, where it is directly continuous with the 
posterior end of the infraorbital canal. It lains backward 
througli the supratemporal and tlu^ lateral one of the three exii*a- 
scapular bones. Through a well* developed supratemporal 
commissure {sxonK^ text-fig. 4), whicli pierces the thiee extra- 
scapular bones transversely, it is in commiuiicntion with that of 
the opposite sble. 

On the posterior part, of the dorsal surface of the frontal there 
is found a transverse fine groove text-fig. 4), which continues 
laterally also over an adjacent part of the supratemporal. 
Anotlier groove {pp, text-fig. 4), which, however, is very sliort, 
issues from the medial end of the former in a postero-lateral 
direction. The two grooves which are described by Bryant as 
a sensory canal proper (p. 12) and which, as it seems, have been 
interpreted in tliis wav also by Watson (1921, p. *i34), are 
undoubtedly developed for lines of ])it organs. The longer of 
them probably lodges the middle head line of these organs, and 
the short obliquely running one the posterior head line {cf* 
Stensio, 1921, pp. 218, 203 ; 1922 pp. 224, 235 ; 1922 h : c/.also 
Allis. 1899, pp. 502-509; 1900, p. 445; 1903, n. 187; 1905, 
pj). 406, 410, 418, 440, 452, 465, 469, 474, 484 : Herrick, 1901, 
p]). 222-223, pi. xiv. : Pander, 1860, taf. iii, figs- 1, 3, 4, 12, 13, 
23; taf. iv. fig. 2 : Jaekel, 1911, figs. 84, 85). 1 find no certain 
traces of any anterior head line. 

Of the other structures described as sensory canals by Bryant, 
the posterior one of the two on the mandibula is clearly shown in 
my specimen to he a pit line, and the same ought also to be the 
case with the other ones shown in his restorations (Bryant's 
text-figs. 2 c, 3 h). 

As is evident from this description, the sensory canals proper 
of EmihmopUron are developed exactly as described by Qoodiich 
in OateoUpia (Goodrich, 1919) and hy itiQ in Dictyonoatms and 
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the Ooelacanthids (Stensio, 1921). The pit lines seem, so far 
as is known, to agree rather well with those in other Orosso- 
pterygians. 

POROLEPIS? sp. 

Among the material collected by the Norwegian expeditions 
in the Lower Devonian strata of Northern Spitzbergen, and for 
the investigation of which J am indebted to Pi ofessor J. Kiaer, of 
Kristiania., there is an anterior part of the cranial roof, which in 
this connection deserves some remarks. The part has belonged 
to a very large fisli, probably refenible to the same genus as 
the scales known under the name Porohpis pomaniensis Kado 
(e/. Woodward, 1891, p. 9; Steufeib, 1918 a, pp. 6()~73). 

On the upper surface of the part present (PI. I. fig. 5) no 
sutures at all can be observed. If, however, the outer layers of 
the bones are removed, the radiation from their ossificatory 
centres a-ppears, though not so distinctly as in Dictyonostem or 
Euathenopteroii owing to the less favourable state of preservation 
of the bone tissue. By means of this method, I have been able 
to observe that the division of tiie dermal roof covering the 
ethmoidal region consists of a large number of plates, probably 
even larger than in Dktyonmtena, I'he exact arrangement and 
extension of these plates as w^ell as their number can, however, 
not be made out with the help of the fragmentary material at my 
disposal. One can’ only see clearly that the nasal is represented 
by two or tliree plates. The sn[)raorbit}il sensory canal (soc, PI. I. 
fig. 5) runs exactly as in Diclyoiwsteas. It communicrites 
anteriorly with the anterior parts of tlie infraorbital canal 
{ife) of its side, wliicli in its turn anastomoses with that of the 
opposite side through a well-developed ethmoidal commissure 
{Hhnxoni,)^ the conditions thus being also in these respects as in 
Dictyonoatevs, 

TkE CcELACANrUIDS. 

The Cadacanthids are now rather completely known (Stensii), 
1921, 1922 a, 1922 /;; Watson, 1921), and I have here only 
certain remarks to make on them. 

It is easily seen that the sphenoid of Diplocerckles agrees well 
with that of the Ilhipidistids in most features, and there can 
be no doubt that the soft anatomy of the region occupied by 
this bone in Diplocercides in the main must also liave shown 
great agreement with that of the corresponding region in the 
Rhipidistids, 

In Diplocemdes (text-fig. 5) w'o can cloaily see that the 
trigeminus branches proper or their roots, vvitli the exception of 
tlie r. ophthalmicus profundus, which has its exit more forward, 
have pierced the cranial w'nll just postero-dorsally of the hasi- 
pterygoid process and at the hinder border of the alisphenoid 
w’ulst, together with the r, ophthalmicus lateralis and n, buccalis 
lateralis (or their roots). From this place all these nerves have 
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evidently run forward doimlly of the basipterygoid process* 
One of them, the n. ophthalmicvis lateralis, has pierced the dorsal 
part of the alisphenoid wulst througli an anteriorly running carnal, 
perhaps accompanied by the r. ophthalmicus superfieialis tri- 
gemini, while the other ones certainly had their passage more 
ventrally on the lateral side of the alisplienoid wnlst. From the 
conditions in Dictyonosteus one can conclude witli rather great 
probability that in Diplocercides tl)e vena jugnlaris also ought to 
have passed dorsal ly of the bxsi pterygoid process. 


Text-figure 5. 



Diplocercides Icaifseri (V. Tvocneii). 

Neurocranium from the rijyht side. Cartilage dotted, cartilage bones slmdcd. 2/1, 
From Stensio, 1922 (1922 a). 

pethmj exethmoideo-prebtlnnoid ; Pr, frontal part of the derinal cranial roof ; 
01, occipito-labyrinth ORsifieatiou ; Pa.it, parieto-intcrteinporal ; Psph, para- 
sphenoid; Sph, aphenoid ; Stemp.erf, suprateinporo-extrascapular ; a.car.int, 
Tentral opening of the unpaired canal for the internal carotid ; nJsp/i, ailisphenoid 
wulst; c.n, canal for vessels to or from the nasal fossa (probably a vein eunul) ; 
vr.ep, epiotic crista; cr.or, occipital crista; basipterygoid process; fejt, 
anterior division of the inyodoine ; for, canal probably for a dorsally l>oanded branch 
from the n. line* lateralis; Zaf./br, foramen probably for the anterior branches 
of the r. maxillaris trigemini and ii. hnccalis lateralis; olf, exit of the olfactory 
nerve in the nasal fossa ; ophth.lat^i^ anterior opening of tlie canal through the 
alisphenoid wulst for the n. ophthalmicus lateralis; ophth.lati, posterior opening 
of an anterior canal for the ii. oplithulmicus lateralis ; II, opticus canal ; III, ociilo- 
motorius canal ; IV, trochlearis canal ; Vje, canal for the r. ophthalmicus profundus 
trigemini ; V'll, facialis canal ; VI, probably the canal for the r. palatiniis facialis 
or perhaps the canal for the abduceus; IX?, liresumed po«ition of the glosso- 
pharyngeus exit ; X, canal for the n. vagus, n. line;e lateralis, and v. encephalica 
po.sterior. 

In Axelia we have a form wliich with regnrd to the position of 
tlje basipterygoid procass agrees nitlier well with VtploceroidxB 
(Stensio, 1921, text-figs, 39, 40). Moreover, we have there a 
long well-developed liouiologue to the alisphenoid wulst of 
Diplocercides^ and on the lateral surface of this homologue, which 
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forms a postevo-ventml process from the fronto-dermosphenotic, 
there runs an antero-caudal sulcus, which certainly cfjrresponda 
to the canal for the n. ophthalmicus lateralis in l)iplocercide&» 
These facts rtuI the conditions in general in Axelia show that 
the trigeminus branches (with the exception of the r. ophthal- 
micus profumlus), the hitemlis nerves accompanying thou., and 
the vena jugiilaris ought all to have run dorsalJy of the basi- 
pterygoid process as in Diplocercldes and tlxo Rhipidistids. 

The basiptei’vgoid process in Whmuda and Macropoma^ though 
situated very high up, issues, however, just at the basis of the 
obvious hoinologue of the alisphenoid uulst and just below the 
level ol: the floor of the cranial cavity. It actually has the same 
position as in DiplocercideB and Axelia^ but the cranial Imsis 
l»e]ow it has grown much deeper in tliese. There is thus no 
reason to believe that in Wimanla and Macropotna the f rigoniinus 
branches, the ia.tei*alis biMUches aceoinpanying these, and the 
V. jiigularis would have run in another way in relation to the 
b‘\sipt(3i’ygoi(l process than in Alexia. DiplocorcUhs^ ami the 
Khi[)iilisti(ls. 

l^on^e jueiitly t.he view put forward by Allis in a recent paper 
(1922, pp. 149-152) that the vena jugiilaris, the trigoininus 
branches, and the lateralis nerves accom|)iiuying these ])assed 
v»‘ntrally of the process termed the basipterygoid process hy me 
seems untenable, as far as we can ju<lgc at present. It is 
absolutely certain that the basipterygoid process of my de.scriptions 
of tiu! O.elacaiithids cannot be a postorbital process as Allis 
concludes. A single glance at the conditions in Diphct^rckhs and 
Axelia is sutficient to show the impossibility of this view. 

In his argument against my view of the basipterygoid process 
in the C^adavaiithids, Allis also says that as tlie hyoman- 
dihula. in these fishes is evidently of tlie teleostome type, the 
jugular vein must have passed internal to it (Allis, 1922, p. 151 ; 
1915), and that this vein accordingly cannot have run so liigli up 
as I have maintained, i. e. it cannot liave run dor.'-ally of the 
basipterygoid jiroce.ss. He evidently bases his account (of. Alli.s, 
1922, pp. 150, 151) ill this point on Reis’s description, having 
probably overlooked my statements (Stensio, 1921, pp. 114, il8- 
119) that tiie dorsal part corresponding to the hyomandibula of 
the hyoid arch in the Ooelacauthids is reduced, and that the 
hyomandibula of Reis’s description is simply a parr of some of 
the os.sifications in the primordial nenrocraniiim. The epihyal, 
which in the fos.sil state of the Oadtvcanthids forms the dorsal 
pai*b of the hyoid arch, has been attached to the primordial 
neuroemuium only with lig.uuonts. How fur ilorsally these 
ligaments extended it is inipoasible to say, but it seems to me 
most probable that they w^ere rather short, and tlvit the vena 
jugularis parsed totally dorsally of tliem and thus dorsally of the 
hyoid arch, as it does in Selachians, Thus in this respect, 
too, the conditions do not support the view put forward by 
Allis. 
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An account of tlie exact honiolognes of the basipterygoid 
procesH of the Coelacanthids is given by me in connection with 
the description of the myodomo of Sanrickthys (Stensio, 1922 6), 
and on the same occasion I also had the opportunity of dealing 
with the inyodome of the Coelacanthids. As it will perhaps be 
a long time before 1 can get enough money to print my work on 
the Saurichthyids, I have found it necessary to give here in 
extemo the considemtions that I made there on the Omlacanthids. 

“In the Coelacanthids (Stensib, 1921. pp. 5H-62, 91-96, 120- 
122; 1922 a, ])p. 177-184, 205-206) there has taken place, in 
connection wn*tli the considemble growth of the eyes, a compression 
and thinning from the sides of certain })ostero- ventral paits of 
the orbito- temporal region and an adjacent smaller part of the 

Text-figure 6. 



Median sagittal section through the ncurocranium. Cartilaginous pait!> restored. 
Cartilage dotted, cartilage hone sluuUd. 2 1. 


J’r, frontal part of the dermal cranial root ; O?, occipito-lahyrinth ossification ; 
Pa.it, parieto-inteiteinporal ; Psph, paraspheiioid ; Sp//, 8i)hen()id ; a.car.int, 
unpaired canal for the internal carotid arteries; io, ha^ioccipital portion of the 
occipito-lahyrinth ossiucation ; ch, clioi*da space; cr, cranial cavity ; fen, anteri(»r 
division of the myodome ; fhyp, fossa hypophyseos ; wti, posterior division of the 
inyodome; canal between the fossa hypophyseos and the myodome; so, supra- 
occipital portion of the occipito-lahyrinth ossification. 

labyrinth region. Tbe^e thinned partslinvea i a ther considerable 
fenestration doe to the base of the primordial neuiocraniun). 
the orbits thus being in communication with each other at this 
place. The fenestiation, the ventral boundary of which is formed 
i)y the paiasphenoid, is situated ventrally of the fossa hypo- 
physeos, with which it has presumably communicated, and just 
posterior to the unpaired canal for the arteria} carotides internee, 
that ascends vertically through the basis cianii, entering the 
cranial cavity immediately anterior to the fessa hypophyseos. 
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The fenestration has thus approximately the same position as 
the canalis transversus of the Elasmobranchii (canal for the 
pituitary vein), and must certainly be considered as such a canal, 
though it has become very much widened and in addition 
shortened in a transversal direction. From its posterior surface, 
which is somewhat wider than the anterior one, a short fossa 
penetrates in a backward direction between the base of the 
primordial neurocranium and the parasphenoid. To define it 
more closely, this fossa is so situated in the post- Devoid an 
CVelacauthids, that it is bounded dorso-caudally and caudnlly by 
the corpus of the bavsisplienoid and on either lateral side by the 
ventral process of the basisphcnoid, wlule the ventral wall is 
formed by the parasphenoid. In the Devonian form Dijylocer- 
cides haymri (Stensio, 1922 a, pp. 178-179, 205 -206) the fosMi 
is situated in quite the same place as in the. post- Devonian 
forms, but as tliere the basisphenoid is contained in and forms 
a postero- ventral part of the large sphenoid, it is consequently 
liounded tlicre doi*sally, caiidally, and laterally by the pars basi- 
spheiioi<lea spheiioidei.’’ 

‘‘ Tn fishes in general, as we know, the recti muscles of the eye 
have their place of origin postero-ventrally of the opticus and 
oculomotorins foramina or else post ero* ventral ly of a. line that 
can be drawn through these tivo foramiriH. Jn the CodacantluMs 
the place where one must suppose the iiiusculi recti to have 
originated is occupied by the widened transversal canal, and wo 
can, therofoi e, scarcely lielp thinking that an eximnsion of this 
oinal has been caused by tlie recti n uselcs. The recti exteini 
have probably, as usual, invaded the transversal canal and then 
jmshod postero - \ on trally into the posterior wall of this canal, 
forming the short fossa described in this wall. The other three 
inusciili recti liave perliaps partly had their origin on some 
vertical membrane, which may have filled the anterior part of 
the transversal canal ; most probably, however, they ought to 
have originated for tlie most part from the dorsal surface of the 
ptirasphenoi<l on tlu' sides of or in the transversal canal itself. 
Whatever tin' conditions may have been with regard to the 
origin of certain of the recti muscles, it seems, however, 
impossible not to suppose that in the cx{>a.iHled transversal canal 
and l.he fossa opening into this from behind we are concerned 
with a sort of myodome,*’ 

“ Watson has recently (1921, p. 3;]5) doubted this explanation 
of mine, which I put forward in an incomplete form in the 
former part of this work. He then laid stress es[)ecia.lly on the 
fact that the space that would be regardetl as a myodome could 
not under any circumstances be homologous with the myodome of 
the PalsBoniscids, which of course is situated dovsally of the 
basipterygoiil process and laterally of what he calls * the body of 
the basisphenoid/ It is of course true that the isolation of the 
myodome to the basipterygoid process is quite different in 
PalfiBoniscids and Coelacanthids, but, as I believe I can show, 
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this differenoe is due to the upward displacement of the 
articulation betweea the primordial neurocranium and the 
palato-quadrate in the Ctelacantliids (Steiisiu, 1922 pp. 205- 
206) from its original position at or near the base of the 
neurocranium.” 

•* For if we turn to Dictyonosteua we find there a large basi- 
pterygoid process which certainly extends some distance upwauls 
along the lateral surface of the neiirocranium but which issues, 
however, also in part from the cranial biise. This basipterygoid 
process really forms, if one will so express it, a very powerful 
* WLilst ’ along the posterior e<lge of the sphenoid {cf, 8tensid, 
1921, p. 56) wJiere it begins immedintely abo\e the para- 
spbenoid — L e, at the basis cranii — and continues upwards and 
somewhat backwards to about a third of the heiglit of the 
neurocraniiuTi at this place, ending there with a truncated upper 
end. On account of the obli(iuo position of the process the 
anterior surface of this is directed nntero-<lorsfdly and tlie 
posterior one postero- ventral ly. The process has in addition a 
tlorsal surface and has ^HTtainly also had another one against 
which the metapterygoid probably articulated. This latter 
surface, which probably faced veiitro-laterally aiid perhaps some- 
what posterioi-ly, is, however, ii(»t well preserved.” 

“ The antero-dorsal surface of the basipterygoid ])rocess and 
the lateral wall of the part of the sphenoid just in front of the 
basipterygoid process in Diclifonosiens form together a sort of 
shallow antero-laterally and somewhat dorsally directcil f(>ssa at 
the inner end of which the well -developed canalis transversus 
opens. The vena jugularis has passed the opening of this canal 
and received the vena pituitaria from it, after which it has 
continued upwar<ls and backwanls in a very distinct sulcus on the 
boundary between the external vertical surface of the sphenoid 
and the antero-doiml surface of the basipterygoid process, until 
it readied the dorsal surface of the latter jirocess, wliere it 
presumably turned more .straight backwards, situated all the 
time close to the lateral surface of the sphenoid. The arteria 
carotis interna must in its forward course liave been situated 
on the outside of the basipterygoid ])rocess close to its ba^io. At 
the anterior end of the basipterygoid process it must have turned 
in a medial direction, entering a sphenoid by a large foramen. 
The parasphenoid lacks the processus ascendens, but if this had 
been developed the arteria carotis interna would have passed 
between it and the liasi pterygoid process to its canal in the 
sphenoid just referred to.” 

Fi'om the upper end of the basy pterygoid process a ridge, 
which if not stroiigis still distinctly marked, passed upward and 
forward Uithe cranial roof; and just in front of this ridge, which 
I have called the alisphenoid ‘ wulst,' we find at the top not far 
below the cranial roof the anterior opening of a canal, which, as 
far as one can judge (cf. Htensio, 1921, pp. 60, 93), must liavo 
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transmitted the n. ophthalmicus latemlis {cf, also Stensio, 1921, 
p. 170) and lower, a short distance above the dorsal end of the 
basipterygoid process, the anterioi* opening of another canal, 
which heeiriM to iiave transmitted their r. ophthalmicus profundus 
or some similar nerve/'* 

“ Tlie imiiu part of the trigeminus nerve, together with the 
lateralis nerves accompanying the trigeminus branches, has 
traversed the cranial wall rather high postero-dorsally of the 
basipterygoid process behind the alisplienoid wulst, and must 
then have run forward and a little downward dorsally of this 
process. The facialis exit must have been situated still somewhat 
fai^ther backward, but at the same time certainly also more 
ventrally than the trigeminus exit. The r. palatiiius facialis 
lias been thence given off in a forward and dowin\ard direction, 
and it probably came down behind the basipterygoid process, 
nfterv\ards turning in a forward direction on the outside of the 
basal ]iart of this process. In this part of its course tlie r. pala- 
tinus facialis ought to have been situated, at least for some 
distance, rather close to the arteria carotis inteina. Tlie 
n. abdiicens probably accompanied the trigeminus branches, and 
thus rmsseil dorsally of the basipterygoid process. Finally, it 
may also be pointed out that the large fo.s.sa hyphphvseo.s reaches 
with its postero-\ entral part into the pait of the sphenoid 
siluated betw^cen the basipterygoid processes."’ 

“From the facts staled, it is obvious that the formation in 
J)kt}^innmteu8 that has liiiherto been called the basipterygoid 
process must really in its a niero- ventral part l>e homologous with 
a posterior largec part of iiie liasipterygoid process in IJirr/ena, 
at tlie same time, however, also including something more than 
this. It would have about its entire coriespon deuce in Birgcria 
if we supposed there the* myodome half of one siile with tlie 
exception of the jin^pituitary part to he filled out with hone and 
this bone-mass forming a connected whole with the basipterygoid 
process forward ami downward, and also with tlie basal parts of 
sphenoid on the medial .side, lu a similar way it would have 
its eepiivaleuu in Amia if in Ibis fish w^e supposed tlie lateral 
parts of tlie myodome of either side, ajiart from the prepiiuitary 
part, to be filleil with bone or cartilage, but in this case of 
course it would corresiiond exactly only to tlie anterior part 
of suci) a bone or cartilage mass. In sharks it corresponds some- 
what but not quite exactly to a posterior part of what Allis 
(li)Ua) culls the ‘subocular shelf ’—together with an adjoining 
part of the capsula auditiva postero-ventrally of the vena jugu- 
laris. The correspondence w'ould in the latter case be almost 
complete if only these cartilaginous parts in the sharks w^ere 
developed somewhat more in such a way as to form a lateml 
wall, to some extent moie complete, for the foswi at the postenor 
end of the orbit in which the canalis transversns opens out, and 
in which the trigeminus ganglionic complex is also usually 
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situated (fossa trigemino-pituitaria. Allis, 1914 a). The basi- 
pterygoid process is Bictyonosteus thus comprises not only the 
homologue to the actual basipterygoid process, but also cei‘tain 
other parts of tlie cranial wall.” 

“ Dorsal ly of the upper end of the bfisipterygoid process — if we 
may, for the sake of brevity, retain the term basipterygoid process 
for it — Bictyonosteus lacks every equivalent to the outer wall of 
the trigemino- facialis chamber in JUrgeria, Amia^ Lepidosteus, 
and Teleosts, and also to the jK)storhital piocessand the sphenotic. 
As also no processus ascendens pavasphenoidei that might have 
covered this part of the cranial wall is present, the trigemino- 
facialis chaniher is consequently absolutely lacking. If a. myo- 
dome were developed in Btctyonostevs this myodome would 
naturally be without lateral prcs])inal parts.” 

“ In BusthenopUvou (Bryant, 1919, text-fig. 5 ; pi. ix. tig. 3) a 
ba.sipterygoid process is found of essentially the same type ns the 
one just described in Bictyonosteus. It only reached somewhat 
higher up than in the latter form. In a fossa between it and 
the vertical inlerorbital wall is situated the opening of the 
canalis transversus in the same way as in Bictyoncstms. By 
its greater extension ny)war<ls the basipterygoid })rocess in 
Eusthenopieron shows a certain tendency to (h*\ elop in the same 
direction as in the Ooclacantbids. For. if we imagine its ventral 
part reduced or weakly developed, the remaining dorsal part 
would evidently come to correspond fairly closely to the basi- 
pterygoid process in the C<rlacantliids, as 1 have .already pointed 
ont in another work (Stonsio, 1922 a, pj). 20f>-2(M)). ^I’bis means 
of course that the basipterygoid process of the Ctelacanthids 
would be homologous with at least a part of the septum th.at 
sepaiutes the myodome from either trigemiiio- facialis clumber in 
Tel posts.” 

“This view of the basipterygoid process in the Cudacanthids 
'is also .supported by the course of the nerves .and the vessels. In 
Biplocei^cides kayseri, where the conditions .are best known, we 
thus find the following conditions (Htensid, 1922 a). All the 
trigeminus branches except the r. ophtludmicus profundus must 
have passed forward dorsally of the hasiptervgoid process, as has 
the vena jugularis on its way backward alter having received 
the V. pituitaria, which traversed the anteiior part of the 
myodome from side to side. The r. palatinus facialis must in 
all probability on its way foiwnrds and <lown wards have run 
just postero- vent rally of the so-called basipterygoid process, and 
probably reached down to the level of the crnni.al base just at 
the myodome. The arteria carotis interna must have had its 
course far ventrally of the so-called basipterygoid process, and 
has, as we have seen, entered the primordial neurocranium at 
the anterior end of the myodome, where it turned directly 
upwards in an unpaired canal which opened into the cranial 
cavity immediately behind the exits of the optic nerves. With 
regard to the n. abducens, it is time that as yet nothing certain 
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is know'Q about it, but prosuuiably it accompauidd the trigeminus 
branches.’* * 

“The myodome in the Cmlacanthids as described here has 
pro-otic, pituitary, and prepitiiitary parts {cf. Allis, 1919). The 
pro-otic part of it is represented by the fossa situated between 
the basisphenoid (pai's basisphenoidea of the sphenoid in Diph- 
cercides) and the paraspheuoid. The pituitary part is situated 
beneath the fossa liypophyseos, and is separated from this fossa 
by a roof of bone pierced onl}" by a small opening for the 
hypophysis. The prepituitary part is very short, and is only 
homologous with the median portion of the prepituitary part of 
tlie myodome in the Teleosts. Hornologues to the lateral portions 
of the prepituitary part of the myodome in the Teleo.'>ts are 
totally lacking, oven as potential.” 

“ As at least in the fossil state of preservation the myodome 
in the Ciolacanthids is bounded <lirectly by the parasphenoid on 
the ventral side, it might he supposed to consist of both a dorsal 
txml a ventral compartment, like the myodome in tlm Teleosts. 
If this were actually the case, the veritral compartment must, 
liowever, at least in cerr-ain species (Azdia, 8tensi<>, 1921, ]). 95), 
have l>;?en very short and limited only to the anterior end of the 
myodome, as the parasphenoid in those species (Axdia) beneath 
the middle and posterior parts of the myodome undoubtedly 
seems to comprise parts O'^sified in the ventr.al wall of the 
primordial neurocraniuin, and the parts so ossiiieil there form 
tho lioor of tiie myodome.” t 

‘•The myo'loine in tho O elacanthids can easily be thought to 
have arisen from the conditions in the Rhipidistids in the 
following way. Jf in the Rhipidistids the pos be !*o> ventral parts 
of tlie orbitotemporal region and the adjacent part of the 
labyrinth region l)ecame much compressed from the sides and 
thinned by an increase in the si/e of the eye-balls, the canalis 
transversus would of course be very mush shortened. If, then, 
tlie musculi recti extern i invaded the opening of this shortened 
<*anal, they would rather soon meet with their origins in the 
median line, ctusing a considerable widening of the whole canal. 


* In my pipor on the Devonian Cielacanthids from WiMniijfen (Steiisio, 1932 «i, 
p. 183), I w.i*« of the opinion that the lu alxlufens in l>ipIorerciifS ouyht to have 
run postcro-vontniUy of the so-called basipterysroul process of the rish. The opinion 
maintained in the present work se^niH, however, uiorti in airreemeut with the general 
conditions than niy earlier one. 

t *• Prom tho conditions descrihefi hero in Dhtifonottem it is evident that the 
objections made by Allis, 1922 (pp. 119-162) against my interpretation of certain 
parts of the neurocranium in the Ciclacanthids must be untenalde. There can be 
no doubt that tho dorsal part of tho basi pterygoid process of DiHtfonnsteus is homo- 
logous with tho corresponding part of the process of ISusthenoptfirm and the whole 
]»rt>cass of the primitive Ccolacanthids {Diplocercides)^ and that accordiuglv also thi‘ 
jugular vein in this form has run doraally of tho process as it has done in Dictjjfn- 
Amoiiff the post- Devonian Cmlocautbida we have in AjtdUt a form which 
with regard to the position of the hasiptervgoid process shows rather intermedinre 
conditions between the primitive CtBlacaiithids (Diptoesreides) and Wimamet^ in 
which latter the process issues very high above the cranial base.” 
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Being forced to shift theii origins still farther backwards by the 
continued growth of the eye-bulbs, the recti extern i muscles may 
l>e imagined to have pushed backwards into the posterior wall of 
the transversal canal, forming a fossa there opening in front 
into the transverse canal. Then, perhaps chiefly owing to tlie 
influence of the other recti muscles, a widening of the transverse 
canal forward may be supposed to have taken place at the 
expense of the bone part between this canal and the vertically 
ascending canal for the internal cnroti<l aHeries. Finally, the 
transverse canal, by the influence of the recti muscles, grew 
wider downwards as well, the floor of the canal belonging to the 
primordial iieurocmnium at the same time becoming much 
reduced, and Anally perhaps forming only a inembraiie on the 
dorsal surface of the para sphenoid. The recti inferiores, po-- 
teriores, and superiores can aftei* tliis Inive been able more or less 
easily to break through the membrane witli their origins in 
seeking a, Ann attachment on the parasplienoid, and if this had 
happened a ventral myodomic compartment would liave arisen. 
That a myodome arisen in the way sketched here frcnn the con- 
ditions in the Khipidislids must lack homolog lies of the lateral 
portions of the prepitnitary parts of the myodome in Birgeria. 
Amia^ and Teleosts, as the myodome in the Omlacanthids actually 
does, is evident from what has been put forward above concei iiing 
the Rhipidistids/' 

In this connection finally it ought also to be pointed out that 
the occuri’ence of a myodome in the Cmlacnnthids shows with full 
certainty that a myodome can easily develop, and that the rny<»- 
dome in several groiujs of fishes has been developed iiulejiendently.*’ 

‘‘The myodome in the C<elacantlnds, if it ha-n no ventral 
compartment, would, as is easily understood, coi respond fnirly 
well to the myodome in S, ornains if the latter were extiuided 
forward by leduction of the larger posterim* jiait of the bom- 
part hsph,"* 

Jf we summarize here the results obtained by the investigation 
of the Cadacanthids with regaid to tlie basiptejygoid poctss. we 
find the following. Hie bnsipterygoid process of the primitive 
ancestors of the Coplacantbids must have been rather high, 
extending upwards along the lateral side of the primordial 
nenrocranium J)ictyono8ien8yt\m\ them eta pterygoid ])robab]y 
articulated agfiinst the upper parts of this process. Through 
reduction of the ventral parts of the process the conditions 
which occur in Dlplocewidcs seem to have arisetn and from these 
the evolution towards the post-Devonian Coelncantliids ought to 
have proceeded in such a W’ay that the parts of the cranitil basis 
below tlie remains of the basipterygoid process grew very deep, 
while at the same time the height of Ihe paits dcrsally of this 
process decreased. 

In D'^ylocercidea the sphenoid, like that of the Rhipidistids, 
compinses paired orbitosphenoid and alisphenoid components ami 
an unpaired basisphenoid component. In the jiost-Devonian 
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forms, on the other hand, there nre found merely posterior parts 
of the baaisphenoid and alisplienoid components, while tlie 
anterior parts of these components, together with the orbito- 
sphenoid ooinponent, ijave been reduced and replaced by 
cartilage. 

In Macropoma the part present of the alisphenoid component 
of either side is continuous with th#» hasisphenoid component, thus 
having there its original relation to tlie hit ter component (Watson, 
1921, p. 323). In Axella and Wimania^ on the other hand, the 
alisphenoid component of each side has coalesced with and forms 
a descending process from the fronto-dei mosphetiotic of its side. 
These diflerent conditions of the alisphenoid componettt in dif- 
ferent forms are of ver) gi'eat interest, as they show that a part 
of a substitution bone may rather etisily become independent and 
coalesce with other neighbouring bones, even dermal ones (cf. 
Stensid, 1921, pp. 153-161, 181 182; Allis, 1899, 1909). 
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EXPLANATION OF THE PLATE. 

Fij^. 1. Dictifomsteus arcHcus Stensid. Auttnior half of tlie lanirocraijium in 
lateral view. The latcml parts ol the ethmoidal region and of the cranial 
roof removed. 1/2. 

Fig, 2. Dictuonosteuff arcticut Stensio. Same parts as in the preceding figure, but 
with the !)Rsipter 3 ’goid proc<*9s lemoved to show' the canal for the pituitary 
vein and the fossa liypophyseos. 1/2. 

Fig, 3. Vtcfj^onostatts arcticus Steusid. Sphenoid from behind. 1^2. 

Fig, 4. Diett/onosteus arctietts Steusid. Antero-latural view of the posterior half 
of the sphenoid, N.B. The ver> distinct sulcus for the jugular vein (a/), 
and the opening of the canal for the pituitary vein (v.pU). 1/2. 

Fig, 6. Porolepia ? sp. Anterior part of the dermal cranial roof, show'ing the 
sensory canals. 

The type-speciinon of figs. 1-4 belongs to the Palajontological Institution, Dpsala 
the type-specimen of fig. 5 to the Palieoutological Museum, Christiunia. 

hidex Utters. 

JS.pethntf exethmoideo-preothmoid ; Fr, frontal; PajpA, {laraaphenoid : Sphy 
sphenoid ; a.car.inty canal for the arteria carotis interna ; ahphy alisphenoid 
wulst; hpy basipteiygoid process; on, orbito-nasai canal for vessels to or from, or 
both to ‘and from the nasal pit ; e.opkth.lad, through the dorsal part of the 
alisphouoid wmlst for the u. ophthalmicus lateralis ; ot% cranial cavity ; /.%jp, 
fossa hypophyseos; \fi\ infraorbital sensory canal ; sulcus for the vena jugularis ; 
$0Cy supraorbital sensory canal ; v cerebr.anty canal for the anterior cerebral vein ; 
v.pit^ canal for the pituitary vein; I, olfactory canal; II, opticus canal; III, 
oculomotorius canal ; IV, trochlearis canal ; V, trigeminus exit ; Vj, canal for the 
r. ophthalmicus profundus. 
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EXHIBITIONS AND NOTICES. 

October 24th, 1922. 

Dr. A. Smith Woodward, F.R.S., Vice-President, 
in the Chair. 

The Secret AEY read tJie following Report on the Additions to 
the Society’s Menagerie during the months of June, July, 
August, and September, 1922 : — 

Juke. 

The registered additions to the Society’s Menagerie during the 
month of June were 157 in number. Of these 75 were acquired 
by presentation, 34 were deposited, 26 were purchased, and 22 
wei’e born in the Menagerie. 

The following may be specially mentioned : — 

1 Striped Hytena (Hf/tKna kyaina)^ from Kaduna, Nigeria, 
presentt'd by l^t. L. S. Clinton on June 20th. 

3 Crtjve Hyraxes, born in the Menagerie on June 19lln 

1 Oreater Amethyst Sun-bird {ChMcoinitra aimihyatina) and 
1 Malachite Sun-bir<i (Kectarinia famosa , from South Africa, 
presented by Mrs. George Robey on June 6th. 

1 Apure Tovi Parrakeet {lirotogerya jugular is apurensis)^ from 
A pure, Venezuela, new to the Collection, presented by Mons. 
J. Delacour, F.Z.S., on June 12th. 

6 Pink -winged Rose-Finche8(A/ioc?o«jt>wa obsoleta), horn Persia, 
presented by Alfred Ezra, F.Z.S., on June 12tli. 

1 White-crested Hornbill {Ortholophus leucolophus)^ from 
Coomassie, West Africa, new to the Collection, presented by 
Major Harold W, Sidley on June 12th. 

A collection of Indian Snakes, including 2 Hamadryads 
(Naia hnnga^^), presented by Alfred Ezra, O.B.E,, F.Z.S., on 
June 12th. 

A Tiger-Fish (Oarapus fasciatus), from Brazil, new to the 
Collection, purchased on June 15th. 

July. 

The registered additions to the Society’s Menagerie during the 
month of July were 229 in number. Of these 120 were 
acquired by presentation, 17 were deposited, 31 were purchased, 
1 was received in exchange, and 60 were bom in the Menagerie. 

The following may be specially mentioned : — 

1 Tiger (Fslis tigru\ J , from Bhopal, Central India, presented 
by H.H. Baja Sir Birandra Singh, K.C.I.E., on July 13th, 

1 Kmng(Fquu$ kiang), $ , born in the Menagerie on July 9th. 

2 Guinea Baboons {Papio papio\ 1 African Civet {CiveUictis 
civetta)^ 2 African PoiTUpint^s {Uysirix ^^cce arntralis)^ 2 
Harnessed Antelopes {Tragelaphus scriptus), 1 Saddle-billed Stork 
{Ephippiorhynckus ssfisgalensis) from Gambia, and 3 Ostriches 
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{Struthio camelus) from Senegal : presented by H.K. Oapt. C. 
Armitage, C.M.G,, TXS.O.,on July ISfcli. 

1 Chestnut-capped Buarremon {Buarrenion hruuiHmucha\ 
from Southern Mexico, new to the Collection, purchased on 
July 25th. 

i White-bellied Amethyst Starling (Pholklaiigea leucogaater)^ 

2 Broad-tailed Babblers {Crateropim platycermis)^ presented by 
Dr. E. Hopkinson, C.M.O., D.S.O., on July 17th. 

A Grooved Tortoise (Testvdo calcarata)^ bred in tlie Menagerie 
on July 16th. 

A West- African Chameleon {Chamcdeou gracilis), new to the 
Collection, presented by H.E. Capt. C. H. Armitage, C.M.G., 
D.S.O., on July 18th. 

Auoust. 

The registered additions to the Society's Menagerie during the 
month of August ivere 187 in number. Of these 102 were 
acquired by presentation, 42 were deposited, 25 were purchased, 

3 were received in exchange, and 15 were born in the Menagerie. 

The following may be specially mentioned : — 

1 Brazilian Tapir (Tapirm terrestris). from Brazil, deposited 
on August 29th. 

16 Prairie-Marmots {Cynomys Indorickmus), from North 
America, purchased on August 22nd. 

2 Pocket- Gophers {Thomomys Imllnvoncs), from San Franciscio, 
new to the Collection, deposited on August ir>th. 

3 Greater Amethyst Sun-birds {Ohalcomiira amsthystina), from 
Durban, presented by A. M. Campbell, F.Z.S., on August 13th. 

1 Verreauxs Amethyst Stjirling {Fholidamges hmogaster 
verreauxi), from Durl^an, presented by Harold Millar, C.M.Z.S., 
on August 13th. 

A young Wart-Hog {Phacochfm'us africanvs) and a collection 
of lieptiles, including 2 Green Tree-Snakes (CA^orojo/t/A* 'm^egnlaris) 
and a Skiiik {Chalcides, sp. nova\ Ijoth new to the Collection, 
from Gambia, presented by H.E. Capt. C. H. Armitage, C.M.G., 
D.S.O., F.Z.S., on August 15th. 

1 Mamba {Dendraspis crnguatweps), new to tlie Collection, from 
South Africa, purchased on August 11th. 

13 Buerger's Tree-Frogs {Hhacophonis huergsri), new to the 
Collection, from Japan, presented by Mr. Tomisaburo Nagai. 

2 Sucker- Fisb {Plecostomm commersoni), new to the Collection, 
from South America, purchased on August 31st. 

September. 

The i*egistered additions to the Society's Menagerie during the 
month or September were 214 in number. Of these 87 were 
acquired by presentation, 17 were deposited, 62 were purchased, 
19 were received in exchange, and 29 were born in the Menageiie. 

The following may be specially mentioned 

2 Musk-Oxen {Ovihos moschatm)^ 6 $ , from Greenland, 
purchased on September 1 9th. 
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1 Tigress {FeUs tigris)^ from Perak, presented by W. H. Jones, 
Esq,, on September 18th. 

2 Cheetahs {Cyncelurus jvhatm)^ from Nairobi, deposited on 
September 26th. 

1 Nagor Antelope {Redmioa 'nagm'), 1 Gambian Oribi (fiurebia 
ntgricaudata)^ 3 Petas Cercopifclieques (Cercopithecus paias), 
3 Nilotic Monitors (ram?itts fiiloticns), 1 West-African Chame- 
leon {(Jhamcdeon gracilis), 1 Hissing Sand-Snake {Psammophis 
sihilana), and 1 Senegal Kiver-Tnrtle {Cydanorhis senegalenais), 
from Gambia, presented by H.E. Capt, C. H. Armitage, C.M.G., 
H.S.O., F.Z.S., on September 19th. 

1 Spectacled Owi {Pal8at7nx perspicillata), from South America, 
purchased on September 18th. 

1 Hock-Bunting {Fringillaria tahapizi), from South Africa, 
new to the Collection, presented by the Hoii. Mrs. Charles Winn 
on Sej)temher 2C»th. 

A large collection of N.^American Snakes, including 2 Copper 
Heads {AnciHtrmloa cantor trLv)^ a Confluent Rattlesnake 
confluenUtH), and a Horned Rattlesnake (Crotahts hoi'ridus), 
presented hy Dr. Howard A. Kelly on September 11th. 

2 Puft- Adders and a Reinhardt’s Snake {Prosyama meleagris), 
tile latter new to the Collection, from Mongalla, Sudan, preseritetl 
by the Rev. A. Shaw, C.M.G., on September 2nd. 


The Six iir.TAiiY exhihitt^d, and made remarks upon, twophoto- 
giaphsof Zebras an<l Oryx from Konya. 


Mr. E. T. Nkvvton, F.H.S., F.Z-S., exhibited, and made remarks 
upon, the tanned skin of a Fj*og. 

Mr. (k Tate Reoan, F.R.S,, F.Z.S,, exhibited, and made 
remarks upon, some specimen^ of leather made from Sharks’ 
skins. 


November 7th, 1932. 

Prof. E. W. MaoBride, F.R.S., Vice* President, 
in the Chair, 

Prof. Q. Elliot Smith, M.D., F.R.S., F.Z.S., exhibited, and 
made remarks' upon, a series of photographs of a fossil tooth 
{Hesperopithecm) from Nebraska. 

Dr, A. Smith Woodward, F.R.S,, F.Z.S., exhibited, and made 
remarks upon, drawings and photographs comparing teeth of 
a Bear, Chimpanzee, and JJesperopithecus, 
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NoYember 2Ut, 1922. 

Sir S. F. Habmee, K.B.E., F.R.8., Vice-President, 
in the Olmir. 

The Secretary read the following Report on the Additions to 
the Society’s Menagerie during the month of October, 1922 ; — 

The registeied additions to the Society’s Menagerie during the 
month of October were 263 in number. Of these 172 wei‘e 
acquired by presentation, 40 were deposited, 21 were purchased, 
8 were received in exchange, and 22 were born in the Menagerie. 

The following may be specially mentioned : — 

2 American Bisons (Bison (meincanm)^ d ? > from Canada, 
presented by the Canadian Government on October 23rd. 

1 Pygmy African Elephant {Loxodou ci/clotis), J , from French 
Gaboon, deposited on October 16ih. 

1 Black-throated Saltator (Saltator ariricollh), from Bahia, 
Brazil, new to the Collection, purchased on October 26th. 

7 Cream-coloured Coursers (Cursorins gaUiciis)^ from Eg}'pt, 
new to the Collection, purchased on October 4th. 

2 Bhick Storks {Cico7iia ni(jra\ from Poland, presented by 
H.S.H. Prince Charles Radziwill on October 25th. 

1 Kea Parrot {Nestor notaUli8\ from New Zealand, presented 
by Lady Ursula Abbey on October 4th. 

49 Indian Fruit-Bats (Pteropus medius) and a collection of 
Indian Reptiles, including 2 Cobras, a Russeirs Viper, and a 
Banded Krait, presented by A. Ezra on October 7th. 

A collection of rare tropical fish including several species new 
to the Collection, presented }>y J, 11. Shattock on October 8th. 


Prof. E. W. Mac Bride, F.R.S., F.Z.S., exhibited^ and made 
remarks upon, a series of lantern-slides beaiing upon Dr. Kam- 
merer’s experiments on Amphibia. 


Dr. A. Smith Woodward, F.R.S., F.Z,S., exhibited, and made 
remarks upon, a skull and tusks of a Mammoth from Siberia, and 
drew attention to the remarkably perfect and fresh condition of 
the specimen. 


Mr. D. SrrH-SMiTH, F.Z.S., exhibited, and made remarks 
upon, the shed lining of the gizzard of a Hombill, 



INDEX OF ILLUSTKATIONS. 


Allocia/ga indica^ Fig. 34, p, G72. 

Amia, 11, p. 1227. 

Aiicylostoifm plurideMainni, Figs. 1, 2, 

p. 

Apodemifs sylvcUicus^ Fig. 32, p. 0(»8. 
AUanfihverub yeiutus^ Figs. 43, o2, 
pp. IJ8(), lioG. 

Atdodnlui> kabhi, Pis. 1., If., p. 943, 
Figs. 1-7, pp. 917, 910, 960, 965, 
969, 9«2. 

aUph^ttiSoni, PI. III., p. 943, F'igs. 

8. 9, pp. 963, 935. 

AuBtraPaii Ilats, fragiucnts of jaws, 
Figs. 1, 2, pp. 588, 580. 

Boriza kalodonia^ Pi. I., p. 991. 
Bryocodia oiyptoyramma, Pi. I., p* 991. 
Bryolimiua motwdofda, PI. I., p. 991. 
Butiolopftodofi anymtiUen^t Pis. I.-IV,, 
p. 609. 

Cacopiis syst&jm, Figs. 1-11, 13-19, 
pp. 528-530, 534-641, 545-547, 549- , 

652. I 

CaUiihrix {CaUmbm), IV., fig. 3, 
p. 599. I 

Callosciurtis nokaius, Fig. 45, p. 1184. i 

pravoitit Figs. 41, 43, 46, 69, I 

pp. im* im 1131. 1209. 

CaUor eamd^nsUt Fig. 39, p. U74« 

fiber, Figs. 40„ 58, 69, (jU, pp. 1176, i 

120(H 12U9, 1210. { 

Cenibrotm phrcdoPi Pit p* 991. I 

Proo. Zool. Soc.— 1922. 


Cephalorhtnichm coinmenonii, Pis. I.- 
III , p. 627. 

eulropia, PI. HI., p. 627 ; Fig. 26, 

p. 641. 

hmvUidci, Pis. 11., TTI., p. 627. 

hecton, PI. 11., p. 657. 

(Jharatmtornum mmthwm, Figs. 3, 4, 
p. 905. 

Ckimnyh, PL V. fig. 2, p. 5f^. 

madayasoarmms, FIs. l.-VI., 

Figs. 1-^, pp. 1146, 1150, 1164, 
1166 1168. 

CiteUua beechi’yi. Fig. 57, p. 1204 

{OtoepemwphUm) Imchryi, Figs. 

44, 54, pp. 1181, 1199. 

Cliipea htrenyuif, Figs. 1-11, pp. 1216, 
1217, 1219-1227. 

Conopeum oommcnsale, PL 1., p. 983. 

lacroirii, PL L, p. 983. 

Cyclorckida craesivesicula, Pigs. 11, 13, 
pp. 924, 925. 

Cy/icospirnra subaqualde, Figs. 6', T, 

p. 910. 

Cyfwmys ludovioianus, Figs. 30, 41/, 43, 
54, 59, pp. 1174, 1176, 1181, 1190, 
1209. 

Delphimpterus letwas, Fig. 27, p. 643« 
Delphvnus delphie. Fig. 26, p, <>42. 
Diaatephams, Fig. 1, p. 710: 

alutaoeue, Fig. 6, p. 815. 

micatu9i Figs. 7, 8i p. 820. 

Dicmtria klayesi, PL L, p. 991. 

h 



xvi 


INDEX OF ILLUSTEATIONS. 


JHe$fUria nondtmipta^ PI. L, p. 99]. 
Dktyonostms arctum^ Figa. l-3» 
pp. 1242, 1243, 1250, 

IHnothmum ap., PI. IV., p. 609. 
Di^^ooercides Jcaymi, Figa. 6, 6, 

pp. 1260, 1262. 

Efwhyiraus cry modes, Fig. 6, p. 1135. 
JSpUomipiera marni&raia, PL X., p. 991. 

purpurascms^ PI. I., p. 991. 

var., PL L, p. 991. 

Euglaucomys fimbriatus, Figa. 42, 55, 
pp. 1178, 1201. 

Eitstkenopteron fordiit Fig. 4, p. 1255. | 

Eutamias qmdrivittatus, Figa. 41, 42, 
51, 57. pp. 1176, 1178, 1194, 1204. 
Euxenis eryfhropus, Figs. 44, 58, 
pp.liei, 1197. 

Faenatopus, Fig. l,p. 710. 

ruyiceps, Fig. 5, p. 795. 

Funambulus palmaruni, Figs. 42, 46, 

pp. 1178, 1186. 

Funisciurus leucoaiiyina, Figs. 48, 57, 
pp. 1189, 1204. 

Galayo, PLs. III., IV.. VI., p. 599. 
Geosciurus capenm, Figs. 41, HS, 53, 
59, pp. 1176, 1180, 1197, 1209. 
Glaucomys, Figs, 56, p. 1202. 

volanst Fig. 42, p. 1178. 

Grampus yrisem, Fig. 26, p. 642. 

Halicore indious. Fig. 29, p. 646. 
Heliosciurus punciatus, Figs, 43, 48, 
pp. 1180, 1189. 

Hemiacodon, PL VI. fig. 1, p. 509, 
Hemistephanus, Fig. 1, p. 710. 

maculipennis, Fig. 4, p. 774. 

Henlea (Hcnlea) hruoei, Fig. l,.p. 1123. 
Hydrias albiockrea, PI. I., p, 991. 
Hydromys chrysogasier, Figs. 3-5, 
pp. 690-’592. 

JSypena brodeseens, PL I., p. 991. 


Jaeulus jaculus, Figs. 29, 80, 33, 36, 
pp. 661, 662. 670, 676. 

Kogia breviceps, PL II., p, 557. 

Lagemrkynohus alhirostnSt Fig. 26, 
p. 642. 

Lamontia calibana, PL I., p. 991. 
Lemur, PL II. flg. 2, p. 599. 

catta, PL II. flg. 1, p. 599. 

Leporillus jonesi, Figa. 8-10, pp. 595- 
597. 

Ligia baudiniana, PL II. flga. 17, 18, 
p. 683. 

cinerascem, PL II. fig. 9, p. 683. 

ejcotica, PL II. fig. 10, p. 683. 

glahrata, PL I. fig. 5 ; PL II. 

fig. 6, p. 683. 

gracdipes, PL II. figa. 1.‘1-15, 

1 p. 683. 

hawaiensis, PI. II. flg. 16, 

p. 683. 

italica^ PL II. figa. 11, 12, 

p. 683. 

ovcidentcUis, PL II. figa. 7, 8, 

p. 683. 

pallaeii, PL I. fig. 4, p. 683. 

perktmi, PL I. fig. 1, p. 683. 

— pigmentata, sp. PL I. flg». 2, 
3, p. m. 

Lumbricillus agialites, Figa.. 2, 3, 
pp. 1127, 1128. 

necrophagus, Figa. 4, 5, pp. 1131, 

1132. 

Macrocgstis pyrifera, PL I., p. 983. 
Macropus rnfioollis, PL VII. fig. 1, 
p. 599. 

Manatus amencawm, Fig. 29, p. 646. 
Marmota ntarmota, Figa. 39, 43, 52, 
pp. 1174, 1181, 1196. 

Memhrampora tehuekha, PL I., p. 983. 

tvherculata, PL 1., p. 983. 

Mesoplodon bidens, Fig. 28, p. 644. 

bowdoini, Pis. 111., IV., p. 557. 

Microoebus, PL III. fig. 2, p. 599. 
Mkrotus agresUsfiom, Anterior part of 
jogal, Fig. 1, p. 939. 


Indns, PLs. I., V., p. 699. 
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ParasiephaneUm^ Fig. 1, p. 710. 
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Pedites cafer. Pigs. 30, 31, 35, 36, 
pp. 662, 665, 673, 676. 

Perodicticus potto , PI. VI. fig. 4, 
p. 599. 

Petmruta albivetUer^ Figs. 55, 57, 
pp. 1201, 1204. 

Petrochirus granulimanuSt PI. I., p. 983. 

Phalanger orientalis, Figs. 31, 32, 37, 
39, 40, 43, pp. 865, 867, 872, 875, 
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Pkascolarctos cinereus, Figs. 38--41, 43, 
pp. 873, 875,883,885, 894. 

Phascolomys mitchelli, Figs. 31, 32, 35, 
36, 39, 41-48, pp. 865, 806, 809, 
871, 875, 885, 889, 894. 
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Phoetena communis, Fig. 27, p. 043. 

Pkoatria duplicata, PI. I., p. 991. 

Phymloptera sp., Fig. 44, p. 1081. 

— acuticaudd, Fig. 26, p. 1051. 

— alata, Fig. 10, p. 1026. 
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1069. 

bonnei. Figs. 16, 17, pp. 1036, 

1036. 

— oapemis. Figs. 42, 43, pp. 1073, 
1079. 

olauBa, Figs. 2-4, pp. 1013-1015. 

— oolttbri, Fig. 38, p. 1071. 

— dilatata, Fig, 41, p. 1076. 
gmcids, Fig. 19, p. 1040. 

longimma, Fig. p. 1041. 

magnipapilla, Fig. 31 » p. 1069. 

— mataymm, Pig. 23, p. 1047, 

— r. maxUlamt Fig* 7, p. 1020. 


PhyBodoptera monodem, Figs. 13, 14, 
pp. 1031, 1032. 

mordens, Figs. 27, 28, pp. 1053, 

1054. 
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ohtusimma, Fig. 15, p. 1033. 
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paraxloxa. Figs. 33, 34, pp. 1062, 

1064. 

^ phrynosoma, Fig. 18, p. 1038. 
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pp. 1043, 1045. 

quadrovaria, Fig. 32, p. 1061. 
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1029. 
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mtipUcidens, Fig. 39, p. 1073. 

ferdeniata, Figs. 24, 25, pp. 1048, 

1049. 
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pp. 1056, 1057. 

iurguht. Fig. 40, p. 1075. 

vavaiii. Fig. 35, p. 1066. 
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p.641. 
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PropUhccus, PL II., Fig. 3, p. 699. 
Protoxerus stangen, Fig. 47, p. 1187. 
Pseudiichirus peregrinus. Figs. 31, 34, 
pp. 865, 868. 

Ham brevkeps, Fig. 12, p. 543. 
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543. 

tigrina, Fig. 12, p. 543. 

Itattm gr&yi. Figs. 6, 7, pp. 593, 594. 
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pp. 1174, 1178, 1186, 1204. 
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p. 1187. 
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Sanm ddicata, PL I., p. 991. 

^nys impltcaia, PL I., p. 991. 
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hudsonius, Pig. 61, p. 1194. 

hypopyrrhtis. Pig. 49, p. 119J. 

niger fufiventiert Pig. 50, p. 1192. 

saltuensis, Fig. 38, p. 1172. 

vulgaris^ Figs. 38, 42, 60, 67, 

pp. 1172, 1178, 1192, 1204. 
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Sisyi'osea guaioa, Pi. J., p. 991. 
Syngnathus, Fig. 11, p. 1227. 

Syngria delioata^ PI. I., p. 991. 
Stephanus^ Pig. 1, p. 710. 
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Tarsmsy Pie. III., IV., p. 699. 

Testudo hor^ldiiy Pig. 21, p. 617. 

iisrfl, Figs. 1, 11, pp; 487, 601. 

lovmdgHy Pl». I.-III., p. 483 ; 
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Ihadropora anmta, PI. L, p. 983. 
Tommies fasomtm. Pigs. 43* 46, 
pp. 1180, 1184. 

Troglosirongylus trogloatrongylus, 
Pig. 6, p. 908. 

lursiops tursiOy Pig. 27, p. 643. 


ImgiUatay Tongues of. Fig. 30, p. 651. 


Xertts rutilm, Fig. 57, p. 1204. 
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Ahdimia ahdimii^ 861. 

Acercus lutmsnSt 1238. 

AShradus viridU (z. s. l.}, 834. 
Affaponiis persomtm^ 854, 

Aladagulm^ 682. 

Alcedo nemitorquata, 830. 

Allaciaga, 667, 660, 672, 674, 675, 678, 
680, 682. 

AUotheria, 604. 

AmUyoBfiza unicolor^ 842, 

AmUyostoma tigrinum^ 834. 

Amydrm viorio riippdli^ 843. 
Ancisirodon contortrix (z. s i.), 1276. 
AncyloBtortia pluridentaium^ 903. 
Andrcpadus insularis, 846. 

Anthreptes ecMaris^ 838. 

Antilope, 654. 

Apotesius hebridexisiB 

subsp. n., 935. 

laxtUB, subsp. n., 936. 

tine, subsp. n., 934, 

— _ tunJ, subsp. n„ 935. 

eylvaticue, 660, 670. 

AguUa rapax, 835, 

Area amerieana, 1141. 

pexata, 1140. 

Ardea einerea, 850. 
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j Ardf^a melaiwcephala^ 869. 

I Armadillo, 683. 
i Aetwr ephenuruB, 856. 

i ttmhvro (? nyanzm), 866, 

ABtnrinula mono^mmica, 868. 
Atlantoxerm, 1181, 1183, 1196, 1197. 

getulm, 1181, 1196. 

Auohenia, 664. 

Aulodrilus kaahi, sp. n., 246, 963. 

limnohiu&, 943. 

pteuriaeta, 944. 

remex, 943, 948. 

stephansoni, sp. n., 963. 

Aulophorne furcatua, 948, 

Balma aftstralis, 658, 

myaticeiue, 640. 

Balofu^tera cmtoroeirala, 663. 

boope, 640. 

borealis, 662, 640. 

mneoulns, 661, 640. 

physalue, 662. 

Ba/rhatia, 1141. 

Belomys peareom, 1203. 

Berardius armmi, 567. 

Bison, 654. 

amermnns (i. a. l.), 1276 . 
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Bovixa kalodonta, tp. n., 992. 

Bos, 664. I 

Bothrioosrus ammcanus, 736, j 

eurojm^s, 730. j 

Bothrioneuron iris, 943. 

Broom serrator, 718. ' 

BranohiodHlus hortensis, 943. 

Branchiura sowerbyi, 943. ‘ 

Brevioeps verrucosus, 638. [ 

Brotogerys jugularis apurensis (z. a. h.), 

1273. 

Bryocodia cr3rptograxnnia,8p. n.. 
993. 

Bryolimnia xnonodonta, bp.ti.,993. | 
Buarremott hrunneinucha (z. s. l.), 1274. i 
Bubo africanus, 864. j 

Budorcas, 654. j 

Bunolophodon angustidens, 009. j 

longirostre, 610. 

Butastur rufipennis, 857. 

Byssaroa, 1142. 

Cacaiua leadheateri (z. s. l.)i 835. 
Cacopus sysioma, 627. 

CcUidris arenaria, 862. 

Callithrix, 602. 

CallomuTus, 1172, 1188. 

finlaysoni, 1186. 

notatus, 1178, 1186. 

prevosti, 1178, 1184. 

Camelus bactnanus, 649. 

dromedarius, 649. 

Caprimtdgus europaus, 849. 

fimei mossambicus, 849. 

Carapus fasciatm (z. 8. h.), 1273. 
Cardiocranitis, 676. 

Cassious uropygialis (z. 8. l.), 835. 

Castor, 1173, 1176, 1182. 

fiber, m, 1207. 

Cavia, 677. 

Centronia plorator, ep. n., 991. 
Centropm monachus, 852. 

Cephcdoplm, 664. 

spadix (z. 8. L.), 883. 

Cephalorhynohus, 643. 

oommersoni, 627, 629, 

eutropia, 631, 633, 641. 

heavisidei, 631, 633. 


Cephahrhywihus hectori, 680. 

Ceratophrys cultripes (z. s. i^.), 836. 
Cerohneis tinmnculus, 864. 

Ceroopitheous paias (z. s. l.), 1276. 
Chalcldes, sp. n. (z. a. h,), 1274. 

armitagii, ep. n., 899. 

Chnlcomitra amethystim (z. s. Xu), 1273, 

1274. 

sen^alensis inastmata, 837. 

verreauxi, 838. 

Chalcopelia chalcospilos, 853. 

Chammleon graeilis (z. s. l.), 1274, 

1275. 

Characostomum anf^nilium, 905. 
Charadrius alexandrinm, 862. 

hiaticula, 862. 

Chhomtfs, 601, 602, 

madagascanemh, 1145. 

ChJnrophis irregularis (z. r. l.), 1274. 
Cii'hladttsa guttata, 846. 

Ciconia ciconia, 861. 

nigra (z. 8. ii.), 1276. 

Circaetus pectoral is, 857. 

Circus macrurm, 858. 

Cisticola erythrops, 846. 

lugtibrk, 840. 

Citellm, 1174, 1182, 12(H). 

(Oiospermophilus) heechyi, 1179, 

1198. 

citcllus, 1198. 

Civet tictis civetta (z. 8. l.), 1273. 

Clupea harengm, 1213. 

Coccystes cafer, 853. 

glandarius, 852. 

Cadogenys, 677. 

Coitus indicus pallidus, 851. 

sfriatus affinis, 851. 

Coliuapasser ardens tropictis, 839. 

eques, 839. 

jackscm, 839. 

laticauda, 839. 

Colobus polycomm (z. s, l.), 833. 
Connochmtes, 654. 

Coracias oaudatus, 849. 

garrulus, 849. 

Oomopeum commensato, ap. a. 

985. 

lacToixii, 985, 
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Corim smpidatus^ 844. 

Corythrnii cyamstigma^ 851 . 

Coturnix delegorgud^ 862. 

CraUropm Hrki^ 845, 

platycercus («. s. l.), 1274. 

Crax alector (*, «. l.), 885. 

Bclateri (z. s. l.), 836. 

Orex creXj 802. 

Criceiomys gambianw {z. s. l.), 8ii3. 
Crotalus cmfluentus (z. 8. t.), 1276. 

horridus (z, s. l.), 1275. 

Cuculus canomst 853. 

Cur»oriw galliim (*. s. l.), 1276. 
Oyclanorhis senegalemis (z. s. l.), 1275. 
Cyclorchida crassivesicula, sp. n., 
924. 

- — omalancistrofa, 923. 
Cylicoftpirura, gen. n., 909. 

- — siibaequaliSi sp. n., 9i0. 
Cytifetunts Jahatus (z. b. l.), 1275. 
Gynomtp, 1174, 1180, 1182, 1198, 1200. 

ludovicwiius (z, fl. L.), 1274. 

Cyimlus affinUf 848. 

Biioelo gigmUa (z. 9. i..), 834. 

Bel phimpferm^ 043. 

letw(fSf 640, 041, 043. 

Belphinm, 043. 

cammemojii, 627 . 

delphuif 58 , 3 . 

Dendi^aspia angmiiccps {z, s. r..), 1274. 
Bero Hmosa, 943. 

Duu^tephanm alnlacem, 814 . 

hilmeaimy 805. 

biroi, 804. 

brevipetiolatm, 810 . 

carim/ronsy 811. 

- cckbemhy 822. 

chmensis, 814. 

dohrniy 817. 

degansj 810. 

famatmy 826. 

fiavicepSy 824. 

^~-*flavid$niaiuSy 809. 
flamfro7i»y 825. 

flavomaculaittSy 807. 

flavonoi(t^u»y 826 , 


I Bimtephmus frontUinmy 813. 

' finoidens, 804. 

fitmnervky 824. 

, graciliSy 805. 

j letwodony 802. 

: leucodouinSy 810 . 

i maculifemur, 819. 

! nigripes, 812. 

nom-yuinemmy 807. 

— pHUkscen^y 803. 

' parvicepSy 812. 

qmdridenSy 818. 

rothkirchiy 808. 

ruficoUtBy 819. 

salortvonuy 821. 

— similiSy 824. 

smiliimusy 823. 

sulcatmy 820. 

szfpligeHiy 823. 

terebellm, 818. 

tertknvsy B06. 

togoensiBy 797. 

trilhieutus, 813. 

j trilohaiuB, 816. 

< Bicentria nondescripta, sp. n., 
991. 

BkotyleBy 6.53. 

! Bicrurus afer lugnhrky 844. 

; BictyonoBteuB (trctu’m, 1241. 

I Binotheriumy 009, 620. 

' Biplocercides kaysrri, 1263. 

I DiplodontuB deBpickiiBy 1232. 
j Bipus inanritanr 'miSy 679, 680, 682. 

’ Bimdectes dickinaoni, 854. 

i 

I 

hkhinococcus grmulobuSy 920. 
bUanitB ctenileus, 855. 

Bherphaa africanm, 654. 

indwuBy 054. 

EoglaucomySy 1177. 

fimbriatusy 1203. 1205. 

Enchytmm sp., 1135. 

'alhiduBy 1110, 1112, 1133. 

crymodes, ap. n., 1 138. 

EohippuSy 606. 

Ephippiorhynohm (z. s. ii.), 

1273. 
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Epitomiptiira maxmoraia, 

995. 

— purpurasceiiBi 0 p« ii.i 994. 

Egmst 653. 

usinus, 648. 

QahaMua, 648. 

chapmannif 648. 

Hang (z, s. l.), 1273, 

EHnaoeus, 603, 

EubeUm^ 683. 

Bkchoreutes, 669, 671, 675, 680. 
EwpaguruB bernhardWt 984. 
Bapsychortyj^ leiicopogon (z. s. l.), 835. 
Eurocephalus ruppelUt 845. 
Eusthenopteron fordid 1249. 

Entamias, 1177. 

qiiadrivittainst 1193, 

Emerus, 1197. 

erythropu9, 1 180. 1183, 1195, 1197. 

Eylau extendens, 1238. 

— hamata, 1232. 

Falco biamiicus^ 854. 

cuvieri^ 864. 

Felts tigris («, s. l.), 1273, 1275. 
Fanatopm albomaculatus, 781. 

annulUarsis, 787. 

aratifronSt 799. 

arcuatus^ 793. 

hirdi, 804. 

brevicollis^ 789. 

celehensis^ 822. 

claripenniSt 798. 

coiiradtit 780. 

fasciatus, 826. 

femandopoettsis, 788. 

JlavicoUU, 799. 

formosams, 786. 

fiiscinerviSf 824. 

indicus, 784. 

var. sumbana, 785. 

var. suloatioolliSf 787. 

var. P, 786. 

iridipenniSt 796. 

lactsipennis, 790. 

langioauda, 794. 

— — ImgicvUis, 790. 

- — mtalicus, 793. 


FmcUopus nigripeSi 813. 

nova-gamemm, 807. 

ocellatus, 784. 

pioeicornis, 796. 

punoiatus, 797. 

ruficeps, 734. 

rugiceps^ 794. 

schleitererif 788. 

similiSf 824. 

— — simpsoni, 792. 

sulcaticoUis, 787. 

sumbanus, 785. 

togaeusist 797. 

turGOTmuorumf 791. 

variidens, 793. 

F<jt)iu$ diadema, 827. 

Formica rufa^ 833. 

Fndericia leydigi, 1111. 

Frmgil/fma tahapiH (z. ». l.). 1275. 
FunmMm, 1178, 1188. 

palmarum^ 1188. 

tristriaiue, 1179. 

Funiscitmis, 1179, 1183. 

cc/>a;«, 1179, 1190. 

mhella^ 1189. 

leucostigma, 1179, 1189. 

frafayo, 602, 603. 

Galonvm Indeiiiatus, 1X11. 

(ieGsvlimis capensiif, 1180, 1183, 1195 

1197. 

Gtraffa, 647, 649. 

Giamomys, 1177, 1205. 

siramineust 1203. 

— volaits^ 1203. 

Glohicppkala melcena, 578. 

Gi'wmpu^ griseus, 579, 641. 

Gyntiiura, 603. 

Hmnatopiis ostraleguSf 862. 

Haliaetus vocifer (a l.), 834. 
Halcyon alUventfis orientaHs, 861. 

cheliontif 851. 

leuoooephalus, 861. 

Halicore, 647. 

Harpolcstes ssneg$,l/a 844 



ffelmciuriispunctaiuif 1179, 1183,1190 
Hemio/oodonj 604. 

Hmimastodon, 600. 

Bemi$tephanus angulioollk, 766. 

~ coUarifer, 763. 

oylmdricuaf 776. 

damelicuBt 763. 

ergthfocephalus, 767. 

glahrieoxis, 764. 

granulatuSt 771. 

intmnedius, 771, 

Impidipefmist 769. 

macrurus, 770. 

— maculipenniSf 773. 

marginalia^ 764. 

pehlkeiy 772. 

— pemanua^ 765. 

rujice^ya, 774. 

aidumculatua, 773. 

tener, 767. 

vadoms, 776. 

— wiiatneiit 768. 

Hemiaua, 535. 

Henlea (Henlea) brucei, sp. n., 

1121 . 

(Henleanella), »p,, 1126. 

heleQtrophuB, sp. n., 

1119. 

(Hepatogaater), ap., 1126. 

HeaperopUhecua^ 1275. 

Hitmniopufi himantopus, 862. 

Uirundo eminif 847. 

puella mitatist 847. 

amithi, 847. 

Hyana hymna (z. s. i«.), 1273. 
Hydractinia echinata, 989. 

Hydryphantes r»5#r, 1232. 

Hydraraehna diatinota, 1232. 

fuacata, 1232. 

glob<m, 1232. 

paludom, 1234. 

aohnmderif 1232. 

Hydrias albiochrea, sp. n., 996. 
Byifmwya chryaagaaier, 589. 

Hygrohatea Umgipalpia, 1236. 

Mykpataa alhoniger^ 1205. 

Hycmmhua, 649» 654» 


I H3npezia brodescena, sp. n., 995. 

j Hypochera orientalia^ 888 . 
j BynLTf^54. 

j Syatrix af/iae^amtralia (z. s. L.), 1273. 

Ichneumon ooroncUuat 718 . 

aerrator, 718. 

i Indria^ 602. 

I 

Jaculua jacuktiy 669, 664, 667, 669, 
; 674,675.678,682, 

i 

I Kogia, hremcepat 566. 

Lagenorhynchuat 643. 

alhiroatrUf 641. 

crueiger, 628. 

fioweri, 628. 

ohacuruBf 581. 

Lagonosticta senegala, subsp. n., 
842. 

Laznontia calibana, sp. n., 997. 

Lamariua auhlactma^ 844. 

Laniua collam hmneralia, 844. 
Leiperania galefn, 901. 

LepariUnsjoneai, 596. 

Lepralia bifurcata, 988. 

edaa:^ 983 

I^giUy 683. 

hwtjtdiniana, 698. 

cineramnat 693. 

dilatatay 701. 

I exoticay 693. 

glahratay 692. 

gracilipeay 695, 

kawaiefiaUf 696. 

itcdicay 695. 

naialmmy 700. 

nova-eealandi<Sy 697. 

ocoidentaliSy 692. 

— ocaanica, 691. 

olferaii, 694, 

pallaaiit 691. 

— perkimiy 699. 

pigmantata, sp, n., 099. 

riehardaonay 701 . 

701. 

cS 



LimneHa ful^ida, 1232. 

tmdulaiaf 1236. 

Limnodrilus claparHeianm^ 955. 

— • Bocialis, 943, 
lAmdelphis permdi^ 582, 

Lophoaeiiui ocdpitolu^ 855. 

Lophocerm deckeni^ 860. 

mdamleuciis suakelmiSy 850. 

netmannit 850. 

Lostodon cychth (e. s. l.), 1276. I 

Luxnbricillus agiadites, sp. n., 
1126, 1133. 

frmciseanus, 1129. 

henkingit 1129. 

nicrophagUB, sp. n., 1130, 

1133. 

pagenstecheri^ 1110, 1129. 

Lyhius eomha, 853. 

L 3 mgria delicatai ap. n., 996. 

Maoronyx croceus, 838. 

Malaeonatus paliooephalui blanchoii, 
845. 

Manatus, 646. 

Marionim ebudemiSt 1110. 

Marmota, 1173, 1182, 1200. 

bobak, 1200 . 

caudaia, 1200. 

— - himalayana, 1200. 

hodysoni, 1200. 

Tfiannotta, 1179. 

monax, 12(X1. 

Harmotops, n., 1200. 

monax, 1200 . 

Megahdapis grandidieHt 603. 
Megaptera nodosot 564, 

Megiaelm amimf 742. 

americmuB, 736. 

annulcUor, 736. 

antinorii^ 719. 

barneensiSi 736. 

brasiliams, 736. 

brunneuSf 725. 

canadensist 827. 

— cUtripennis, 75B. 

coronatoTf 738. 

CylindricWf 776. 


Megischus duoaliSf 740. 

erythrociphalus, 767. 

mropausy 730. 

ftoridanue, 828. 

froggattiif 734. 

I furcatuSf 827. 

mdicus, 784. 

AmdiatOTy 724. 

insulariSy73S, 

longicnudatus, 738. 

longirollis, 790. 

macidifromy 751. 

maeulipennu, 773. 

ntger, 733. 

nigncauduy 772. 

palliditarsiR, 756. 

ruficeps, 737, 774. 

rnficollk, 756. 

spoliator ^ 828. 

submacidafuSy 773. 

larmlisy 829. 

tarmtmy 729. 

— — var. nigricans, 733. 

texannSy 730. 

vidmis, 738. 

violacevpeimis, 746. 

Megiselcm, read Negischus. 
Mdanophoyx ardesiaca, 858. 

Melierax gahar, 856. 

MelUtophagus buUockoides, 849. 
Msnibfwiipora denticulata, 984. 

mevdnratiacea, 986. 

I savartiiy 987. 

tehtielcha, 985. 

tuberculaia, 986. 

Merops apiaster, 850. 

Mesenchytraus ep., 1136. 

geliduty lUO. 

solifitgus, var. rainiertnsisy 1110. 

Mesocesioides Imeatus, 922. 

litteratus, 922. 

Mesoplodon bidens, 640, 643. 

howdoiniy 669» 

yTayi, 572, 

layardty 574. 

Hicrottui agrestia fionai aubsp n, 
940. 
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Momiion mnoom$t 640 , 
Mompylephorm africanm^ 967 . 

parvus, 943. 

Motacilla Jlava oampssiris^ 838. 

vidua, 838. 

Mm musculm musciihs^ 938. 

Naia hungarus (*. b. l.), 1273. 

Naidium pleurmta, 944. 

Naisjosinm, 1119. 

Nectariina famosa (z, s. t.), 1273. 

reichenowi, 837. 

Neohvdmna marginata, 559. 
Neostephanm alhomaculaim, 781. 

alluaudi, 777. 

camerunus, 779. 

crampes, 780. 

glohicffps, 779. 

imignis, 778. 

nataXicm, 793. 

pmiheri, 781. 

Nestor mdahUis (z. s. L.), 1276. 
Nothardus, 604. 

Nothodectcs, 604. 

Notomys oervinm, 697. 

Numenius arquaim, 80*2. 

phmpus, 862. 

NycUcehus, 603. 

Ch'cella Imvirostris, 640. 

fulminalis, (>42, 

Orcinus area, 677. 

Oriolus tirachyrhymhm latior, 843. 
Ortkolophus ieuoolophm («. s. l.), 1273. 
Otaria calij’ornica (z. 8. l.), 836. 
OureHa nigrkaudtUa (z. s. l.), 1276. 
Ovibos, 664. 

Tuoschatus (z. s. l.), 1274, 

Ovis, 654. 

Pagurtta hemhardusy 897. 

cuanemis, 897. 

Paikea, gen. n., 574. 

hectori, 576. 

Palaopropithecw, 603 . 

Pandion kalwUuSy 854. 


I PapiUoietaxia, geu. n., 913. 

— traguli, sp. n.» 913. 

I Papio papio (z. s. l.), 1273. 

I Parangitia mlcapennis, sp. n., 
994. 

I nigrofttlgena, ip. lu, 994. 

1 Parmtephanus albioeps, 751, 

; brevistignmy 756. 

' claripennis, 7,58. 

1 damllicm, 753. 

ehnrnem, 752. 

glaher, 749. 

Imvicottis, 760. 

'umoiUifrons, 751. 

— - malayanus, 760. 

martini, 748. 

orhiialis, 748. 

pallidit arsis, 756. 

piciipes, 764. 

pyg)jiaus, 750. 

ndmpictm, 759. 

— rujidornafus, 758. 

rufo-ornat.m, 758. 

seitm, Ihl, 

Passer griseus suaheUaus, 838. 

Pedetes caffer, 659, 6(J4, 667, 069, 672, 
674, 67,5, 678. 

Peloneuates pkilarobvs, 834. 

Pelycodm, 604. 

P&nefope purpurascens (z. s. L.), 835. 
Veradecies, 604, 606. 

Pernis apivorus, 855. 

Perodictv'm potto, 602. 

Petaurista, 1177. 

— ~ albiventer {magnifiem), 12i)0, 1205. 

canicefts, 1203. 

philippemis, 1203. 

ymnanemis, 1203. 

Petinomys fuscooapillus, 1205. 
PetrooUrus granulimanus, 983. 
Peirodromus, 603. 

Phaeochasrusy 653. 

afrieanm (z. s. n.), 1274. 

Phalanger orientals, 863. 

Phascolarotos cinereus, 863. 
Phaseoiomys, 603. 

mitohelU, 863, 
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Fh&stia maxicolor, sp. n., 992. 

Phetiacdeirntr, 604. 

Phocma, 643. 

Pholidanges leuaogaster (k. s. l.), 1274. 

verreauan (a. s. l.). 1274. 

Phostria duplicata, sp. n., 995. 
Phymloptera, 1004, 1011, 1080. 

abbrevicUat 1087. 

ahjeota^ 1100 . 

acuticaudaf 1050. 

afitm, 1088 . 

alata, 1025. 

var. chevreuxi, 1083. 

Tar. nouveUiy 1083. 

albay 1099. 

aloisii-sahaudiai 1098. 

amphibia^ 1099. 

anomala, 1021. 

aniarctica, 1007, 1099. 

hilalriata, 1090. 

bonnet, sp. n., 1034. 

bretficauda, 1100. 

hrevispiculum, 1090. 

brevivaginata, 1083. 

britfinica, 1097. 

hulbosa, 1102. 

capensiB, ep. n., 1078. 

caucama, 1089. 

cesticillata, 1091. 

chajruBleoiitis, 1086. 

eircularis, 1093, 

cUUli, 1096. 

clausa^ 1012 . 

eoelebs, 1092. 

coltdm, 1070 . 

— consiricta^ 1102. 

contorta, 1102. 

erassa, 1096. 

— croviy 1085. 

dmtata, 1097. 

— digitata^ 1090. 

dilatatat 1076. 

dispar, 1092. 

elegantmima, 1091. 

funjorminy 1097. 

gaUnim, 1086, 

gmina, 3090. 

get^a, 1082. 


Physaloptera graciliSi sp. n., 1039, 

guiarti, 1092. 

incurm, 1093. 

! intrmia, 1094, ^ 

i infiata, 1096, 

leptosoma^ 1085. 

. limbata, 1095. 

I longissiina, sp. n., 1041. 

; magnipapilla, 1068. 

malayensis, sp. n., 1046. 

malleus, 1100 . 

maxUlarU, 1019. 

megalostoma, 1096. 

! uiephUes, 1091. 

mouadeiis, 1030. 

: mordens, 1062. 

mucTonata, 1 103. 

muris-hrasilieum, 1023: 

- - vasUionis, 1096. 

mmidica, 1086, 

ohiusissirm, 1032. 

I ovata, 1103. 

1087. 

1 papilloradiata, 1101 . 

papiUotruncata, 1016, 

; paradoxa, 1062. 

‘ phrynosoma, sp. n., 1037. 

1 prispidialts, 1043. 

i pyramidalis, 1095. 

! quadfomria, 1060. 

I rara, 1031. 

I reiusa, 1027. 

rotundata, 1101 . 

I ruwenzorii, 1093. 

! 1103. 

sciuri, 1094. 

semilanceolata, 1017. 

simplicidens, sp. n., 1072. 

sonsinoif 1098. 

spircUis, 1098. 

spirula, 1101 . 

striata, 1103. 

strongylim, 1104, 

suhalata, 1084. 

- — taoapensis, 1082. 

tenuioollis, 1104. 

terdsntata, 1048. 

torquata, 1091. 
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Phjfmloptera tormi^ 1088. 

trunoatat 1097. 

tumtfaoienSi 1066. 

iUTffida, 1074. 

varani, 1066. 

Ph^seter, 643. 

tnacrooephalm, 565, (?41. 

Pimph citromtor, 738. 

Piom longipcUpiB, 1232. 

Plaiantsta gaiigetioet, 640, 6*43. 
Pleoostomus commerwni (*. s, l,), 1274. 
PloceuB nigrioeps^ 842. 

reichejiowit 842. 

spekeif 843. 

Plttsdodonta cupristria, «p. n., 

992. 

Pococera brunnapex, sp. n., 09<$. 

Pcdargm strigoides {%. s. l.), 834, 
Poijcephal us fuse mi pillus^ 8.53, 

Polp mastodon, 005. 

Porolepis ? sp., 1259. 

PotamochainiSf 653. 

Prinia mystacea tenella, 846. 
Propiihecus, 601, 60«3. 

Prosymna melmgris (z. s, t.), 1276. 
Protoxerus, 1190. 

sfangeri, 1190. 

Psammophis sihilam it. s. L.), 1275, 
Psendockirus peregrinus, 863. 

Psmdorca vrassidens, 577. 

Pteropus medius (z. s. L.), 1276. 
Ptilodus, (505. 

Pulsatnx perstpicUlaia (z. s. l.), 1276. 
Pycnonotus liarbatus micrus, 845. 

tricolor paUidus, 846. 

Pygeretmus, 675. 

Pyromelana flammiceps, $40. 

uigriventris, 840. 

midhomehna. 840, 

Pytel'ia mdba kirki, 642. 

Qudoa cardintUU, 840. 

inttrmdia., 840. 

Bam hreviceps, 642. 

hexadactyla, 642. 

tigrina, 642. 

Battm greyit 593. 


Bojlufa, 1178, 1188. 

hkohr, 1186. 

indioa, 1186. 

macrourus, 1 186. 

Bedunca nagor (z. s. t,), 1276. 
Bhaoophorus hnergeri (z. d. l.), 1274. 
Bhamphocxlm dimidiaim (z. 8. L.), 835. 
Rheithromiirus, 1183, 1188. 

Rhinoceros, 647, 663. 

Rhinochettis jubatus (z. b. l,), 834. 
Rhodospisa obsoleta (z. 8. li.), 1273. 

I Rhyncocyon, 603. 

! Bifargia brunnipexixiiSr sp. n.. 993. 

I Riparia rufigula, 847. 

I Sagartia parasitica, 897. 

Saltator artrkollU (z. 8. l.), 1276. 
Saxnea deUcata, sp. 997. 

Sanys implacata, sp. n., 994. 

Scaphula celox, 1139. 

minuta, .sp. n., 1143. 

Scartimis tetradactylm, 659, 662, 664, 
067, 669, 674, 676, 678, 682. 

' SchisorhU afrkana leucogastra, 852. 

! Rchletiererius cinctipes, 714. 

! rufipes, 713. 

' Scirtopoda orienfalis, 659, 664, 667, 
j 669, 674, 675, 678, 082. 

! Sciuropterus, 1203, 1206. 

(Hylopetes) alboniger, 1203. 

; {Peimomys) fuscocapillm, 1208. 

, Scim'%Sy 1172. 

carolineims, 1177. 

{Neosoittrus) caroliuenm, 1191. 

grmusy 1177. 

{Tamumiwrus) hudsoniusy 1193. 

hudsonius, 1177. 

{Echinosciurm) hypopyrrhus, 1190. 

hypopyrrhm, 1177. 

niger (i'ufivmter), 1177, 1 192, 

eatiuemds, 1173, 1177. 

vulgaris, 1173, 1177. 

Scopus umbreita (z. s. h.), 884. 

hanntrmami, 861. 

Sekucides chrysooephalus (i. s. l.), 834. 
Serinus striolata affinis, 838. 

^iariay 911. 

— JavmsiSi sp. n., 9iL 
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SieUita longer, 6(U, 664, 667, 669, 674, I Slephanm instguis, 778. 


676, 682. 

Sis3rrosea guaica, sp. n., 996. 

Sorex araneus, 930. 

— : araneus, 931. 

grantii, 932. 

minutus minufu$t 933. 

Speothos venaticiis, 834. 
Sperfnestes, sp., 841. 

Spreo superbus, 843. 

Stenella enphrosyne^ 682. 

pseudodelphis^ 683. 

Si^hanus acutus, 742. 

andinus, 727. 

annulatoT, 736. 

anonnaXipes, 781 . 

antinorii, 719. 

hkohr, 732. 

honuenm, 736. 

hrasiliensis, 730. 

brevkoUis, 789, 

ImiipeiiolafAts, 810. 

brumisiis, 725. 

capitatus, 774. 

ceylonicus, 735. 

cinotipes, 714. 

coUarifer, 763. 

comma, 744. 

conradti, 789. 

coromtor, 738. 

corovaius, 7i8. 

crassicauda, 728. 

cylindricns, 776. 

damllmis, 753, 759. 

diadema, 827. 

diverstis, 827. 

ducalis, 740. 

eryihroeephtlus, 767. 

europaus, 730. 

flavoTnaculaim, 807. 

froggattii, 734. 

frontalis, 828. 

furcuius, 7S6. 

gigas, 720. 

glohiceps, 779. 

hamatipoda, 741. 

hofnimus, 726. 

indicv^, 784. 


1 intsrmedius, 771. 

j — lojcteipmnis, 790. 

; lanceolatus, 741. 

I Imcod&ntus, 810. 

j Hmpidipennis, 769. 

' lucidus, 740. 

* macrurus,*lli), 

maculipemis, 773. 

malayanus, 760. 

! marginalis, 764. 

I — martini, 748. 

! tiatalious, 793. 

niger, 733. 

nigricans, 733. 

nigricauda, 722. 

pachylomenis, 723. 

pcdlescens, 803. 

; pilosus, 7 44. 

' 750. 

1 Tuhripes, 734. 

j ritficeps, 737. 

j rufipes, 716, 

rufofenwratus, 743. 

rufo^ornatus, 758. 

rugosus, 745. 

salomonis, 821. 

saifsmrei, 737. 

sckleitereri, 788. 

serrator, 718. 

Hckmanni, 727. 

spoliator, 828. 

suhnKwulalus, 773. 

sulcifrons, 724, 

iarsatus, 729. 

ieyier, 767. 

tcreheUus, 818. 

(es'anus, 730. 

iibiator, 721. 

j togosmis, 797. 

j tortus, 731. 

I turoomanorum, 731. 

' unicolor, 725. 

I mdosus, 775. 

I — viUosus, 743. 

i mlacHpennis, 746. 

j wustneii, 768. 

I xanthooephalus, 724. 



654. 

Sttiptopharagm amaius, 910. 
Siruthio camSm (*.8. l.), 1273. 
SuheriteB dommcvia, 897. 

fiouBt 989. 

S«», 647, 653. 

hoMrmat 648. 

ficrofa, 648. 

Sylvietta whytei, 846. 

Taohornu parvus, 848. 

Tamm, 1174, 1183. 

Tapirus, 658. 

americanm, 648. 

hairdiy 648. 

— indicus, 648. 

terrestris (z. s. l.), 1274. 

7Vir«tta.602,603. 

Tchifrra crisfata suahelica, 846. 
Tesiudo caharata (z. s. l.), 1274. 

ihera, 493, 502. 

lovrridgii, 484. 

Thairopora armata, 987. 

Thomomys hullnvorus (z. s. l.), 1274. 

TwmifeSy 1188. 

hippuTuSy 1185. 

mttatuSy 1185. 

Toimus hypoieucus, 862. 
Trachyphoniis emini, 853. 
Trayelaphtis soriptm (z. s. l.), 1273. 


Tmyuks, 648, 649, 654. 

THeholama lachrymsa, 853. 

Tringa minuta, 862. 

svharquata, 862, 

I Troglostrong^ylus, gen. n., 906. 

troglostrongylus, sp. n., 907. 

Tuhifex (Ilyodrilus) hedoH, 953, 

iuHfex, 948, 955. 

vdutinus, 944. 

Tupaia, 603. 

Tursiops, 643. 

truneatm, 584. 

Turtur ssnegalensisf 853. 

Tgmpanistra tympanistra, 853. 

Uraginthus bengalus angolensis, 841. 
niassei^y 841. 

Farantis niloticm (z. s. l.), 1275. 

Vespa germanka, 833. 

Xerus, 1180, 1183. 

nttilm, 1181, 1195. 

Xorides coronatuSy 718. 

j Zapits, 660, 664, 607, 669, 674, 675, 
678, 680, 682. 

hudsonktnus, 659. 

Ziphius camrosiris, 576. 

Zygana malleus, 971. 


pKiitnp nr TiriiOit aitd mnofz, im uoh ooubt, pliibt striust. 
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ABSTRACT OF THE PROCEEDINGS 

OF THE 

ZOOLOGICAL SOCIETY OF LONDON.* 


lUy 9th. 1922. 


Dr. A. Smith Woodward, F.R.S., Vice-President, 
in the Chair. 


The Secretary exhibited, and made remarks upon, a medal 
struck to commemorate the 150th Anniversary of the Royal 
Academy of Belgium, 

Mr. F. Martin Duncan, F.Z.S., exhibited, and made remarks 
upon, a series of cinematograph-films illustrating various stages 
ill the life-history of the Wood-Ant {Formica rufa) and of the 
Common Wasp {Vesper germanica), and asked the Society to 
accept the series for its Zoological Film Library. 

Dr. Chas. F. Sonntag, F.Z.S., exhibited, and made remarks 
upon, a .series of specimens and lantern-slides illustrating some 
points in the Anatomy and Physiology of Whales. 

Dr. Chas. F. Sonntag, F.Z.S., gave a resumi of his paper 
“ The Comparative Anatomy of the Tongues of the Mammalia, — 
VII. Cetacea, Sirenia, and Ungulata.” 


^ This Abstract is published bj the Society at its offices, Zoological Gardens, 
Begent's Park, N.W., on the Tuesday following the date of Meeting to which 
it refers. It will be issued, along with the * Proceedings,’ free of extra char^, 
to all Fellows who subscribe to the Publications ; but it way be obtained on the 
day of publication at the price of Sixpence^ or, if desired, sent post-free for 
the sum of Six Shillings per annum, payable in advance. 
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Mr. D. W. Devanesen, M. A., communicated his paper “ Notes 
on the Anatomy of Cacopus an Indian Toad of the 

Family EngystomatidsB. 


In the absence of the Author, Mr. E. A. Elliott’s paper, 
“ Monograph of the Family of the Stephanides (Hymenoptera),” 
was taken as read. 


The next Meeting of the Society for Scientific Business will be 
held on Tuesday, May 23rd, 1922, at 5.30 p.m., when the following 
communications will be made ; — 

The Secretaby. 

Report on the Additions to the Society’s Menagerie during 
the month of April, 1922. 

Rev^ H. N. HuTCHiNsoy, M.A., F.Z.S., and Ed. Godwin. 

Exhibition of a plaster cast of a model reconstruction of the 
marine reptile Feloneustes phUarchiis; a Pliosaur from the 
Oxford Clay, 


Sir Sidney F. Harmer, K.B.E., F.R.S., Vice-President. 

On Commerson’s Dolphin and other Species pf Oephalo- 
rhynchus. 

0. Forster Cooper, M.A., F.Z.S. 

Miocene Pro&oscidia from Baluchistan. 

R. I, PooQCK, F.R.S., F.Z.S. 

On the External Characters of Scarturm and other Jerboas 
compared with those of ZapuB and PedeUs, 
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The Publication Committee desire to call the attention of 
those who propose to offer Papers to the Society, to the great 
increase in the cost of paper and printing. This will render it 
necessary for the present that papers should be condensed and 
be lim ited so far as possible to the description of new results. 


Communications intended for the Scientific Meetings should 
be addressed to 

P. CHALMERS MITCHELL, 

Secretary. 

ZooiiOoicAL Society of London, 

Regent’s Park, London, N.W. 8. 

May 1922. 




No. 230. 


ABSTRACT OF THE PROCEEDINGS 

OF THE 


ZOOLOGICAL SOCIETY OF LONDON.* 

May 23rd, 1922. 


Dr. A. Smith Woodward, F.R.S., Vice-President, 
in the Chair. 


The Secretary i*ead a Report on the Additions to the 
Society’s Menagerie during the month of April, 1922. 

Mr. R. I. PococK, F.R.S., F.Z.S., exhibited, and made 
remarks upon, a living example of the rare Bush-Dog Speothos 
venaticus, 

Mr, E. G. Boulenger, F.Z.S., and Mr. F. Martin Duncan, 
F.Z.S., exhibited, and made remarks upon, a Cinematograph 
record which they had taken illustrating the Life-history of the 
X Axolotl {Amhlystoma tigrinum\ 

Mr. D. Seth-Smitii, F.Z.S., exhibited, and made remarks upon, 
a series of photographs he had taken of some recent important 
additions to the Society’s collection of Birds. 

The Rev. H. N. Hutchinson, M.A., F.Z.S., exhibited, and 
made remarks upon, a plaster cast of a model reconstruction of 
the marine reptile Pelomti,Bte8 philarchm^ a Pliosaur from the 
Oxford Clay, stating that he had received valuable assistance 
from Mr. Ed. Godwin in completing the model. 


* This Abstriiot it) publiihed bj^ the Society at its offices, Zoological Gardens, 
Regent’s Park, N.W., on the Tuesday following the date of Meeting to which 
it refsrs. It will be issu^, along with the * Proceedings,’ free of extra charge, 
to all Fellows who subscribe to the Publications ; but it may be obtained on uie 
day of publication at the price of Sixpence^ or, if desired, sent post-free for 
the sum of Shillings per annum, payable in advance. 
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Sir Sidney F. Harmkr, K.B.E., F.R.S., communicated his 
paper On Commerson’s Dolphin and other Species of Cepholo- 
rhynehuB*' 

Mr. C. Forster Cooper, M.A., F.Z.S., gave a resume of his 
paper on Miocene Proboscidia from Baluchistan.” 

Mr. R. I. Pocock’s papers, “ On the External Characters of 
Scar turns and other Jerboas compared with those of Sapus and 
Pedet^f'* was taken as read. 


The next Meeting of the Society for Scientific Business will 
be held on Tuesday, June 13th, 1922, at 6.30 p.m., when the 
following communications will be made : — 

The Secretary . 

On the Council’s scheme to establish an Aquarium in the 
Society’s Gardens. 

Miss Joan B. Proctor, F.Z.S . 

A Study of the Tortoise Testudo loveridgiiy Blgr., and the 
Morphogeny of the Chelonian Carapace. 

J. T. Carter, F.Z.S. 

A Microscopical Examination of the teeth of the Primates. 

Harold G. Jackson, M.Sc., F.Z.S. 

A Revision of the Isopod Genus Ligia (Fabricus). 

W. R. B. Oliver, F.L.S., F.Z.S. 

A Review of the Cetacea of the New Zealand Seas. 

Prof. Wood Jones, F.Z.S. 


On the Dental Characters of certain Australian Bats. 
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The following papers have been received : — 

Anand Kumab, M.A> 

A new Variety of RJiahdocynthia pdlida, 

J. H. Lloyd, M.Sc., F.Z.S., and Edith M. Sheppard, B.Sc,, 

A Contribution to the Anatomy of a Hammerhead Shark 
(ZygcBTm mallua). 


The Publication Committee desire to call tlie attention of 
those who propose to offer Papers to the Society, to the great 
increase in the cost of paper and printing. This will render it 
necessary for the present that papers should be condensed, and 
be limited so far as iK)ssible to the description of new results. 


Communications intended for the ScientiOc Meetings should 
be addressed to 

P. CHALMERS MITCHELL, 

iSecretary, 

Zoological Society of London, 

Regent’s Park, London, N.W. 8. 

May 30M, 1922. 






No. 881. 


ABSTR.\CT OF THE PROCEEDINGS 


OF THE 


ZOOLOGICAL SOCIETY OF LONDON.* 

June ISth, 1922. 


Prof. E. W. MacBride, D.Sc., LL.D., F.R.S., Vice-President, 
in the Chair. 


The Secretary read a Report on the Additions to the Society's 
Menagerie during the month of May, 1922. 


Miss Joan B. Procter, F.Z,S., communicated her paper, 
A Study of the remarkable Tortoise Testudo lox'eridgii Blgr,, 
and the Morphogeny of the Chelonian Carapace.’^ 


Mr. J. T. Carter, F.Z.S., gave a resume of his paper, “A 
Microscopical Examination of the Teetli of the Primates.” 


Mr, Harold G. Jackson, M.Sc., F.Z.S., gave a resume of his 
paper on “ A Revision of the Isojwd Genus Ligia Fabricius.” 


* This Abitract is published by the Society at its offices, Zoological Gardens, 
Begent's Park, N.W., on the Tuesday following the date of Meeting to which 
it refers. It will be issued, along with the ‘ Proceedings,' free of extra charge, 
to all Fellows who subscribe to the Publications ; but it may be obtained on the 
day of publication at the price of Sixpence, or, if desired, sent post-free for 
the sum of Six Shillings per annum, payable in advance. 
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In the absence of the Authors, Mr. W. R. B. Oliver’s paper, 
Review of the Cetacea of the New Zealand Seas,” and 
Prof. F. Wood Jones’s paper, ^‘On the Dental Characters of 
certain Australian Rats,” were taken as read. 

The Secretary briefly described the technical side of the 
Council’s scheme to establish an Aquarium in the Society’s 
Gardens. 


The next Meeting of the Society for vScientific Business will be 
held on Tuesday, October 24th, at 5.30 p.m. 

A notice stating the Agenda for the Meeting will be circulated 
early in October. 


The following Papers have been received : — 

R, C. Banks. 

On a possible Geological Cause of Colour Variation in 
Animals. 

E. Leonard Gill, M.A. 

The Permian Fishes of the Genus Acentrophorm, 


The Publication Committee desire to call the attention of 
those who propose to offer Papers to tlie Society, to the great 
increase in the cost of paper and printing. This will render it 
necessary for the present that papers should be condensed, and 
be limited so far as possible to the description of new results. 
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Oommumcations intended for the Scientific Meetings should 
be addressed to 


P. CHALMERS MITCHELL, 

Secretary. 


Zoological Society of London, 

Regent’s Park, London, N.W. 8. 
June 20^/t, 1922. 




No. 232. 


abstra(;t of the prooeedings 


OK I'HE 

ZOOLOGICAL SOCIETY OF LONDON.’ 

October 24th, 1922. 

Dr. A. Smith Woodward, F.R.S., Vice-President, 
iji the Chair. 


The Six’KETARY read a Report ou the Additions to the Society’s 
during the months of June, July, August, and 
S(‘pteniber, 1922, 

Tlio Secretary exhibited, .mid made roinarks upon, two 
photogmphs of Zebras and Oryx from Kenya, 

Mr. E. T. Newtox, F.R.S., F.Z.S., exhibited, and made remarks 
upon, the tanned skin of a Frog. 

Mr. C. Tate Regan, F.R.S., F.Z.S., exliibited, and made 
remarks upon, some specimens of leather made from Sharks’ 
skins. 

A paper ou “The Fetal Membranes and Placentation of 
Chiroynys maclagascariensis^’*^ by Prof. J. P. Hill, F.R.S., F.Z.S., 
and Mr. R. H. Rukne, M.A., F.Z.S., was communicated by Prof. 
J. P. Hill. 

Mr. R. I. PococK, F.R.S., F.Z.S., described the external 
characters of the foetus of Ghiromy$ madagascarieusis. 


• This Abstract is published by the Society at its offices, Zoological Gardens, 
Regents Park, N.W., on the Tuesday following the date of Meeting to \\hich 
iL refers. It will be issued, along with the * Proceedings,’ free of extra charge, 
to all Fellows who subscribe to the Publications ; but it may be obtained on the 
day of publication at the price of Sixpence, or, if desired, sent post-free for 
the sum of Six Shillings per annum, payable in advattCo, 
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A paper by Mr. R. Kirkpatrick, F.Z.S., and Dr. J. Metzelaar, 
“ On an Instance of Commensalism between a Hermit-Crab and 
a Polyzoon,’' was communicated by Mr. Kirkpatrick. 


The next Meeting of the Society for Scientific Business will be 

held on Tuesday, November 7th, 1922, at 6.30 P.M., when the 

following communications will be made: — 

C. S. Elton. 

On the Colours of Water-Mites. 

E. B. PouLTON, M.A., F.R.S., F.Z.S. 

Exj>erimental evidence that commensalism may be beneficial 
to Crustacea. 

G. M. Yevers, M.R.C.S., L.R.C.P., F.Z.S. 

Nematode Parasites of Mammals from the Zoological Society. 

AV. J. Kaye, F.E.S. 

New Species of Trinidad Motlis. 

CiiAS. F. SONNTAQ, M.D., F.Z.S. 

On tiie Myology and Classification of the AVombat, Koala, 
and Phalangers. 

E. G. Boulenoer, F.Z.S . 

Description of a new Lizard of the Genus Chalcidea^ from 
the Gambia, living in the Society’s Gardens. 


Tlie following Papers have been received : — 

Ivor G. S. Montagu, F.Z.S, 

On a further Collection of Mammals from the Inner 
Hebrides. 
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F, R. Wells . 

On the Morphology and Development of the Chondocranium 
of the larval Cliipta harengus, 

11. I. PococK, F.R.S., F.Z,8. 

On the External Ciiaracters of the Beaver (CastorieUe) and 
some Squirrels (Sciuridie). 

Arthur Loveridge, F.E.S., C.M.Z.S. 

Notes on East African lairds (chiefly nesting-habits and 
stomach -contents) collected 1915-1919. 

C. A. Adair Dighton, M.B., F.R.C.S., F.Z.S, 

Coat-colour in Greyhounds. 

Ekendranath Gosh, M.Sc., M.D., F.Il.M.S,, F.Z.B. 

On tlie Animal of Scaphula Benson, witli the Description of 
a new Species of Scaplada. 

J. H. Lloyd, M.Sc., P\Z.8., nnd Edith M. Sheitard, B.Sc., F.Z.S. 

A Contribution to tiie Anatomy of a Hammerhead-Shark 
{Z}jg(ma malleus). 

E. Leoxard Gill, M.Sc . 

The i'erniian Fishes of the Genus Acentrophm'us. 

K. 11. Mehra, M.Sc. 

Two new Indian Species of the little-known (ienus Aiilo- 
drilus (Bretscher), a(juatic Oligocha^ta belonging to the Family 
Tubificidaj. 

CliARLES F. So.>yTAG, M.D., F.Z.S. 

On the Vagus and Sympathetic Nerves of tlie Terrestrial 
Carnivora. 

E. A. Stensio . 

Notes on certain Crossopterygians. 

M. L. Bhatia, M.Sc., F.R.M.S. 

The Nervous System of jScolopcndra morsltans Biifibn. 


J. Stephenson, M.B., D.Sc., F.Z.S. 

The OligocliJBta of tlie Oxford University Spitsbergen 
Expedition. 


Gobind Singh Thapab, M.Sc. 

On the Arterial System of the Lizjird Varanus heugahmis 
Daud., with Notes on Uromasiix and Uemidactylus, 
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W. E. IT. Hopson-, F.Z.S. 

A Comparison of (A) tlie External Morpliology of t]u3 Month- 
parts and (B) the Internal Morphology and Degree of Develop- 
ment of the Silk Press in typical Lepidopterous and Tenth re- 
dinid (Hymenopterous) Larvae. 

Edwaui) Phelps Allis, Jr., F.R.M.S., F.Z.S . 

The Postorhital Articulation of the Palato-quadrate wit.h the 
Neurocranium in the Cadacanthidan. 


The Publication Coniniittee desire to call the attention of 
those who propose to oiler Papers to tlie Sotaety, to the great 
increase in tlie cost of pajier and printing. 4'his will render it 
necessary for the present that papers should be condensed, and 
be limited so far as possible to the description of new results. 


Communications intended for the Scientific Meetings should 
be addressed to 


P. CHALMERS MITCHELL, 

Secreiartj. 


Zoological Sociltv of Lonoon, 

Regent's J^ark, London, N.AV. 8. 
Octvher 315^ H)22. 




No. 233. 


ABSTRACT OF THE RROOEEDINOS 


OF THE 

ZOOLOGICAL SOCIETY OF LONDON* 


November 7th, 1922. 


Prof. E. W. MaoBride, F.Il.S., Vice-President, 
ill tlie Chair. 


Prof. G. Elliot Smith, M.I)., F.B.S,, F.Z.S,, exhibited, and 
made nanarks upon, a series of jihotographs of a fossil tootli 
[I fesperopithims) fioiu Nebraska. 

Dr. A. Smith WoomvAiii), F.Il.S., F Z.S., cxliibited, and made 
remarks upon, drawings and })h(dograjilis comparing teetli of a 
J5ear, Clumpanzee, and JlesperupithacHs. 

l\lr. C. S. Elton communicated Ids paper “On the Colours 
of Water Nlitc's.” 

Prof. E. B. l\jULToN, M.A., F.Il.S., F.Z.S. , gave an account, 
illnstrateil with lantern-slides, of a sciies of experiments con- 
dncteil at the Laboratory of the Marine Biological Association, 
Plymouth, in 1890, demonstrating that Commensalism may be 
benelicial t,o (Irnstacoa. 

Dr. G. M. Vkvers, M.R.C.S., L.ll.C.P., F.Z.S., gave a rhume 
of his paper on “ Nematode Parasites of Mammals from the 
Zoological Society,” 


* T1m 8 Abstract is pubhslied by tlie Society at its oflices, Zoological Gardens, 
Regent’s Park, N.W., on the Tuesday following tlie date of Meeting to which 
it refers. Jt will be issued, along with tlie ‘ Proceedings,* free of extra charge, 
to all Fellows who subscribe to the Publications ; but it may be obtained on tlie 
day of publication at the price of Sixpence^ or, if desired, sent post-free for 
the sum of Stx per annum, payable in advance. 
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The following papers were taken as read : — W. J. Kaye, F.E.R., 
“New Species of Tiinidad Moths”; CnAs. F. Sonntag, M.l)., 
F.Z.S., “On the Myology and Chissification of the Wombat, 
Koala, and Plialangers E. G. Poulenger, F.Z.S., “ Descrip- 
tion of a new Lizard of the Genus Chalcides, from the Gambia 
living in the Society’s Gardens.” 


Tlie next Meeting of the Society for Scientific Business will be 

held on Tuesday, November 21st, 1922, at 5.30 p.m., when the 

following communications will be made : — 

Tlie Secretary. 

Report on the Additions to the Society's Menagerie during 
the month of October, 1922. 

Ivor G. S. Montagu, F.Z.S. 

On a furtlier Collection of Mammals from the Inner 
Hebrides. 

F. R. Wells . 

On the Morphology and Development of the Chondocranium 
of the larval Chtpea hareny'its. 

R. I. POCOCK, F.R.S., F.Z.S. 

On the External Characters of the Beaver (Castoridac) and 
some Squirrels (Sciuridie). 

Arthur IjOveripge, F.E.S., C.M.Z.S . 

Notes on East African Birds (chiefly nesting-habits and 
stomach -contents) collected 1915-1919. 

E. A. Stensio. 

Notes on certain Crossopterygians. 


Ekendranath Ghosh, M.Sc., M.D., F.R.M.S., F.Z.S. 

On the Animal of Sca 2 yhida Benson, with the Description of 
a new Species of fScaphula. 
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J. II. Lloyd, M.8c., F,Z.S., and Edith M. Sheppard, B.Sc., F.Z.B , 

A Contribution to the Anatomy of a Hammerhead-Shark 
{Zygcena rnalleas), 

R. XL Meura, M,Rc . 

Two new Indian Species of the little-known Genus Aido- 
drilns ( Bretscher), jujuatic Oligochaeta belonging to the Family 
Tubificida*. 

J. Stkiuiensox, M.B., D.Sc., F.Z.S. 

The Oligochaeta of the Oxford University Spitsbergen 
Expedition. 

R. J. OttTLEPr, M.A. 

The Nematode Genus Pkysaloptera, Rud. 

G. M. Vevers, M.R.C.S., F.Z.S. 

On the Cesbode Parasites from Mammalian Hosts which died 
in the Gardens of the Zoological Society of London, during the 
Years 1919-1921 ; with a Description of a new Species of 
Cyclorchida, 


The following Papers have been received :■ 


C. A. Adair PionTOX, M.B., F.R.C.S., F.Z.B, 

Coat-colour in Greyhounds. 

E. Leonard Gill, M.Se. 

The Permian Fishes of the Genus Acentrophorns. 

Charles F. Sonntag, M.l)., F.Z.S. 

On the Vagus and Sympathetic Nerves of the Terrestrial 
Carnivora. 

Edward I^jielps Allis, Jr., F.R.M.S., F.Z.S. 

The Postorbital Articulation of the Palato-quad rate wit h the 
Neurocranium in the Cmlacanthida). 

A. J. Hesse, B.Sc., Ph.D. 

A Description of Two new Cercarice from Limncca peregra^ 
Muller. 

GEORaE S. Giglioli, M.D. 

On the Linguatulid Arachnid, RaiUieiiella Jurcoccvca 
(Diesing, 1835), Sambon, 1922. 
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JhTA MaRKBREITEK) Ij.8c. 

Home Microfilaria found in the Blood of J^irds dying in the 
Zoological Gardens, 1920-1 921. 


A. J. IJesse, B.Sc., Ph.I) . 

A Description of a new Nematode of the Genus Capillaria 
from the Minnow. 


The Publication Committee desire to call the attention of 
those who propose to offer Papers to the Society, to the gi eat 
increase in the cost of paper and printing. This will render it 
necessary for the present that papers should be (!ondensed, and 
be limited so far as possible to the description of now results. 


Communications intended for the Hcientilic Meetings should 
be addressed to 

P. CHALMEliS MITCHELL, 

Secrelary, 

Zoological Society of London, 

Hegent’s Park, JiONDoN, N.W. 8, 

Nocemher 14^//, 1922. 



No. 234. 


ABSTRACT OF THE PROCEEDINGS 

OF THE 

ZOOLOGICAL SOCIETY OF LONDON.* 


November 21st, 1922. 


Sir S. F. Harmer, F.R.S., Vice-President, 

in the Cliaiv. 


The Secretaiiv read n Report on the Additions to the Society’s 
Menagerie during tlie inontli of October, 1922. 

Prof. E. AV. MacRiude, F.R.S., F.Z.S., exhibited, and made 
remarks upon, a aeries of lantern-slides bearing upon Dr. Kam- 
meror’s experiments on Amphibia. 

Dr. A. Smith AA'oodward, F.R.S., F.Z.S., exhibited, and made 
remarks upon, a skull and tu.sks of a Mammoth from Siberia, 
and drew attention to the remarkably perfect and fresh condition 
of the specimen. 

Mr. D. Seth-Smitii, F.Z.S., exhibited, and made remarks upon, 
the shed lining of the gizzard of a llornbill. 

The Hon. Ivor G. S. Montagu, F.Z.S., communicated his 
paper “On a further Collection of Mammals from the Inner 
Hebrides.” 


* This Abstract is published by the Society at its offices, Zoological Gardens, 
Regent’s Park, N.W., on the Tuesday following the date oi Meeting to which 
it refers. It will be issued, along with the ‘ Proceedings,* free of extra citnrge, 
to all Fellows who subscribe to the Publications; but it may be obtained on the 
day of publication at the price of Sh'pence, or, if desired, sent post-free for 
the sum of Sm Shillinffs per annum, payable in advance. 
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Mr. F. E. Wells gave a resumi of his paper on The Afor- 
phology and Development of the Chondrocranium of the Liirval 
Clupia harenguay 

Mr, B. I, PococK, F.E.S., F.Z.S., communicated his paper on 
“ The External Characters of the Beaver (Castoridce) and some 
Squirrels '(BciuridsB).” 

Dr. G. M. Yeveks, M.R.C.S., L.E.C.P., F.Z.S., gave a resmm 
of hifl paper ‘^On tlie Cestodo Parasites from Manmialian Hosts 
which died in the Gardens of the Zoological Society of Loiulon, 
during the Years 1919-1921 ; with a Description of a new Species 
of Cyclorchiday 

The following communications were taken ns road Aiitiiur 
Loveiudge, F.E.S., C.M.Z.S., “ Notes on East African Birds 
(chiefly nesting-habits and stomach-contents) collected 1915- 
1919; E. A. Stensio, “Notes on certain Crossopterygians ; 
Ekendranatii Ghosh, M.Sc, M.D., F.E.M.S., F.Z.S., “On the 
Animal of Sca^diula Benson, with a Description of a new Species 
of Scaphula''; J. H. Lloyd, M.Sc., F.Z.S., and Edith M. Shep- 
pard, B.Sc., F.Z.S., “ A Contribution to tlie Anatomy of a 
Hammerhead -Shark (Zygcana malkusY^ \ 11. TI. Meiira, M.Sc., 
“ Two new Indian Species of the little-known Genus Aulodnlm 
(Bretscher), aquatic Oligochaeta belonging to the Family Tubifi- 
cidse^^ ; J. Stephenson, M.B., D.Sc., F.Z.S., “ The Oligochtuta of 
the Oxford University Spitsbergen Expedition”; K. J. Ortlepp, 
M.A., The Nematode Genus Physaloptera^ Bud.” 


The next Meeting of the Society for Scientific Business will be 
held on Tuesday, February 6th, 1922, at 5.30 p.m. 

A notice stating the Agenda for the Meeting will be circulated 
early in January. 


The following Papers have been received : — 
C. A. Adair PionToy, M.B., F.B.C.S., F.Z.S. 
Coat-colour in Greyhounds. 
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E. LEpyABP Gill, M.Sc. 

The Permian Fishes of the Genus Acentrophoriia, 

Quarles F. Sonntag, M.T).. F.Z.S. 

On the Vagus and Sympathetic Nerves of the Terrestrial 
Carnivora. 

Edward Phelps Allis, Jr, F.R.M.S., F.Z.S. 

The Postorbital Articulation of the Palato-qiiaclrate with the 
Neil roc ranium in the Qtelncanthida). 

Georoe S. Giqlioli, M.T). 

On the Liiignatnlid Arachnid, RaiUietiella furcocemi 
(Diesing, 1835), Samhon, 1922. 

Rita Markrreiteh, B.Sc. 

Some M icrofdaria found in the Blood of Birds dying in the 
Zoological Gardens, 1920-1922. 

Prof. Ejnar Lonnrero, F.M.Z.S. 

Heniarks on some Paloarctic Bears. 

E. AV. Shaxn, B.8c., F.Z.8. 

The Embryonic Development of the Porbeagle-Shark, 
Lamna coniuhica, 

Robert Gbrkey, M.A., F.Z.S. 

Some Notes on Lcander longirosirky M.-Edwards, and other 
British Prawns. 

T. H. RrxQ. 

The Elephant- Seals of Kerguelen Land. 

Chas. F. Sonntao, M.D., F.Z.S. 

Tlie Comparative Anatomy of Tongues of the Mammalia. — 
VIII. Carnivora. 

Arthur Loveridqe. F.E.S., C.M.Z.S. 

A List of the Lizards of British East Africa (Uganda, 
Kenya Colony, Tanganyika Territory, and Zanzibar) with 
Keys for the Diagnosis of the Species. 
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The Publication Coix|imittee desire to call the attention of 
those who propose to offer Papers to the Society, to the great 
increase in the cost of paper and printing. This will render it 
necef^rjr for the present that papers should be condensed and 
bp limited so far as possible to the description of new results. 


Communications intended for the Scientific Meetings should 
be addressed to 


P. CHALMERS MITCHELL, 


Zoological Society of London, 
Regent’s Park, London, N.W. 8. 
November 28<A, 1922. 


Secretary, 
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